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PROGRAM 
FALL MEETING 


of the 


AMERICAN WELDING SOCIETY 
September 22, 23, 24, 25 and 26, 1930 
CONGRESS HOTEL, CHICAGO, ILL. 


IMPORTANT NOTICE 
Members and guests are requested to register, as admission to Exposi- 
tion and some of social events will be by badge only. 


ALL Technical, Sessions and Committee Meetings will be held at the 
CONGRESS HOTEL. 


ALL sessions start promptly as scheduled. 


MONDAY, SEPTEMBER 22 
Morning 
10.00 a. m. Registration (Florentine Foyer). 


Facilities will be provided throughout the week from 9.00 a. m. to 
5.00 p. m., commencing Monday, Sept. 22, at 10.00 a. m. 


Afternoon 


2.00 p.m. Meeting Structural Steel Welding Committee (Room 1164). 
Presiding Officer—To be announced. 


3.45 p. m. Meeting American Bureau of Welding (Room 1164). 
Presiding Officer—C. A. Adams, director, A. B. W. 
Evening 
6.00 p.m. Dinner Meecing, Board of Directors (Suite 1102-6). 
Presiding Officer—E. A. Doyle, president, A. W. S. 
3 
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TUESDAY, SEPTEMBER 23 
Morning 
10.00 a. m. Business Session (Florentine Room adjoining Registra- 
tion Foyer). 
Presiding Officer—E. A. Doyle, president, A. W. S. 


This will be in the nature of a few introductory remarks by Presi- 
dent Doyle; address of welcome by Richard M. Wolf, Commissioner of 
Public Works, City of Chicago; and transaction of formal business. 


Response by C. A. McCune, general chairman, 1930 Fall Meeting and 
Exposition. 


10.30 a.m. Technical Session (Florentine Room adjoining Registra- 
tion Foyer). 


Presiding Officer—J. J. Crowe, member of Executive Committee, 
A. W. S. 


“Welding of Stainless Steel,” by L. W. Hostettler, Allegheny Stee! 
Company. 


“Arc Welding of Aluminum,” by W. M. Dunlap, Aluminum Company 
of America. 


“Oxy-Acetylene Welding of Corrosion Resisting Steels,” by W. B 
Miller, Union Carbide and Carbon Research Laboratories. 


Afternoon 


2.00 p. m. Technical Session (Florentine Room adjoining Registra- 
tion Foyer). 


Presiding Officer—F. T. Llewellyn, past president, A. W. S. 


“The Examination of Welds by the X-Ray Diffraction Method,” by 
J. T. Norton, Massachusetts Institute of Technology. 


“Fatigue Investigations of Welded Joints,” by G. E. Thornton, State 
College of Washington. 


“Stress Distribution in Side-Welded Joints,” by Walter H. Weiskop! 
and Milton Male. A mathematical study in connection with tests made 
at the University of Pittsburgh. 

WEDNESDAY, SEPTEMBER 24 
Morning 


10.00 a. m. Technical Session (Florentine Room adjoining Registra- 
tion Foyer). 


Presiding Officer—E. A. Doyle, president, A. W. S. 


“Resistance Welding of Bar Joists,” by Frank Burton, Steel Joist |n- 
stitute. 


“Cost of Using Welding,” by Robert E. Kinkead, consulting engine: 


“Strength of Welded Joints in Tubular Members for Aircraft,” ») 
H. L. Whittemore, U. S. Bureau of Standards. 
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Afternoon 


2.00 p. m. Technical Session (Florentine Room adjoining Registra- 
tion Foyer). 


Presiding Officer—H. L. Whittemore, member, Committee on Stand- 
ard Tests for Welds. 


SYMPOSIUM ON TESTING OF WELDS 


. Introduction and Suggested Revision of A. B. W. Bulletin No. 1, 
by A. B. W. Committee on Standard Tests for Welds. 


. Tensile Tests for Welds—J. W. Owens. 
3. Bend Tests for Welds—W. B. Miller. 
. Shear Tests for Welds—Andrew Vogel. 
. Fatigue and Impact Tests for Welds—C. H. Jennings. 


3. Use of Gamma Rays for Examining Welds—R. F. Mehl, G. E. Doan 
and C. S. Barrett. 


THURSDAY, SEPTEMBER 25 
Morning 
9.30 a.m. Trip to Hawthorne Works, Western Electric Company. 


Arrangements have been made to visit the Hawthorne Works of the 
Western Electric Company. The visitors will be conducted through 
welding installations which incorporate the use of automatic, semi- 
automatic and hand are welding equipment and at least one spot weld- 
ing installation. The trip will also include other representative manu- 
facturing departments, including copper wire and rod manufacture, 
lead-covered cable manufacture and as many assembly and fabricat- 
ing departments as time will permit. It is also planned to exhibit to 
visitors the principal features of sound picture equipment, which will 
be illustrated by means of a talking picture describing deep sea cable 
laying. Transportation will be by bus from the Congress Hotel. 


Afternoon 


2.00 p. m. Technical Session (Florentine Room adjoining Registra- 
tion Foyer). 


Presiding Officer—F. P. McKibben, vice-president, A. W. S. 


“Application of Fusion Welding to Pressure Vessels,” by J. H. Hodge, 
Babeock & Wilcox Company. 


“Physical Properties of Electrically Welded Tubing,” by J. S. Adel- 
son, E. O. Sequist and H. L. Whittemore. The paper will be presented 
by Mr. Adelson. 


“Magnetic Testing of Butt Welds,” by T. R. Watts, Westinghouse 
“leetrie & Manufacturing Company. 


Evening 
6.30 p. m. Annual Banquet followed by Dancing—Gold Ball Room. 
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FRIDAY, SEPTEMBER 26 
Morning 
10.00 a. m. Technical Session (Florentine Room adjoining Registra- 


tion Foyer). 


Presiding Officer—E. Wanamaker, past chairman, Chicago Section. 


RAILROAD SESSION 


“Double Lengthening Railroad Rails,” by L. C. Ryan, manager, Track 
Department, Oxweld Railroad Service Company. 


“The Possibilities of the Further Development of Railroad Welding,” 
by G. W. Lieber, Superintendent of Reclamation, Missouri, Kansas & 


Texas Railroad Company. 


“Reclamation of Battered and Worn Ends of Railroad Track,” by 
C. J. Bergunthal, Track Welding Supervisor, Southern Pacific Company. 


“Elimination of Joint in Open Track,” by J. H. Deppeler, Chief Engi- 


neer, Metal & Thermit Corporation. 





noon and 10.00 p. m. 





WELDING EXPOSITION 
Stevens Hotel 


The Exposition will be open from 10.00 a. m. to 6.00 p. m. on 
Monday, Wednesday and Thursday. 


On Tuesday and Friday the exhibit may be viewed between 








Fall Meeting American Welding 
Society 

A careful study of the program for 
the Fall Meeting of the Society dur- 
ing 1930 will reveal the fact that the 
Meetings and Papers Committee has 
been unusually successful in securing 
a large list of nationally known au- 
thors to present papers on timely 
welding subjects. There is much of 
interest to the practical man, as well 
as to the theoretical, and to the exec- 
utive, as well as the engineer. Results 
of research work are prominently fea- 
tured. 

This issue, which contains a portion 
of the papers to be presented at the 
meeting, contains a wealth of infor- 
mation; additional facts will be 
brought out in the discussion. Every 
member connected with the Society 
owes it to himself, as well as to his 
firm, to be present and participate in 
this discussion. 


Six or seven organizations will hold 
meetings in Chicago at the same time. 
A record attendance is expected at the 
exposition. 


Mr. James H. Edwards Dies 
Suddenly 
James H. Edwards, chairman of the 
Structural Steel Welding Committee of 
the American Bureau of Welding, died 
suddenly on Aug. 14 after a few days’ 


illness. Mr, Edwards was chief en- 
gineer of the American Bridge Com- 
pany, and was born in Oxford, Che- 
nango County, New York, June 1°, 
1864. He graduated from Cornell in 
1888. He entered the employ of the 
Berlin Bridge Company as structural 
draftsman. In 1897 he was appoint«d 
as chief engineer. The company pio- 
neered in the steel frame type of indus- 
trial building and, through Mr. F:- 
wards, developed it to high perfection. 

In 1900, when the Berlin company 
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merged with the newly formed Amer- 
ican Bridge Company, Mr. Edwards 
was appointed structural engineer; in 
1901 he became assistant chief engi- 
neer, and in 1927 chief engineer. As 
assistant chief engineer he was in gen- 
eral charge of all building work and 
furthered a great deal of testing 
work, including the strength of beam 
connections, columns, riveted joints 
and angles. As chief engineer he con- 
tinued his attention to the technical 
problem of design, but also gave con- 
siderable time to his new organizing 
responsibilities. He was in charge of 
the Bridge company’s standardization 
activities and the development of new 
sections. 


James H. Edwards 


Mr. Edwards was gifted with re- 
markable clear-sightedness in techni- 
al matters and with an open mind. 
He took up the study of fusion weld- 
ng and became convinced of its pos- 
sibilities. He made tests and induced 
nis company to establish a welding 
shop at its Trenton plant. New forms 
{ structural design and detail suited 

welding were developed under his 
ipervision. Many of the important 
welded buildings came into existence 

rgely due to his combined engineer- 
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ing and business vision. He took an 
active part in the work of the Ameri- 
can Welding Society, became its vice- 
president and chairman of the Struc- 
tural Steel Welding Committee, and 
organized for this committee an elab- 
orate series of tests to secure fanda- 
mental design data on the application 
of welding in the structural | field, 
which tests are now in progress. The 
Samuel Wylie Miller Medal of the 
Society was awarded him for conspic- 
uous contribution to the advancement 
of the welding art. 

In addition to his activities of the 
American Welding Society, he served 
as director of the American Society of 
Civil Engineers in 1913, was a mem- 
ber of numerous committees of this 
Society and other engineering organ- 
izations. For fifteen years he was 
Trustee of Cornell University. 


Fundamental Research in Welding 
Field 


Through the Fundamental Research 
Committee under the chairmanship of 
H. M. Hobart, a series of investiga- 
tions have been started in a number 
of prominent universities on many 
phases of welding. This year an in- 
spection trip and conference will be 
held during the early part of the week 
of Sept. 15, at which are. expected 
representatives of some fifteen, lead- 
ing universities. A suggested list of 
problems has been compiled by the 
committee. For the information of the 
members of the Society these are re 
produced below: 


Suggested List of Fundamental Re- 
search Problems in Welding 


1. The relation of ductility to other 
physical properties of welded 
joints, such as tensile strength, 
fatigue and resistance to impact. 

2. Impact resistance of welded joints. 

3. Effect of heat treatment on the 
strength and other properties of 
welds. 

4, Effect of heat treatment on relief 
of locked-up stresses in welded 
specimens. 

5. Effect of method of making are 
and gas welds upon the ductility 
of the weld metal. 

6. Relation between chemical compo- 
sition (gas content) and mechan- 
ical properties of steel and the 
weldability. 
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. Transference of metal in are and 
gas welding with the aid of high 
speed motion picture cameras and 
other devices. 

. X-Ray study of crystal structure 
of welds. 

. Effect of peening on the quality of 
welds. 

. Effect of method of making welds 
upon alloy steels and non-ferrous 
metals, ’ 

. Investigation of the fatigue and 
impact resistance of welded joints 
to determine allowable stresses 
to be used in design. 

. Effect of the heat of welding on 
the adjacent metal with various 
alloy sheet materials. 

. Fundamental laws governing mag- 
netic disturbances and how may 
these troubles be overcome satis- 
factorily. 

. Comparative properties of welds 
made with covered and bare wire. 
. Calorimetric study of carbon and 
metal arcs. 

. Comparative merits of various 
types of joints on minimizing 
welding strains. 

. The effect of coating such as paint 
and galvanizing on weldability. 

. Tests on various types of connec- 
tions of beams welded to columns. 
. Study of speed of welding and ef- 
fect of amount of current. 

. Advantages and disadvantages of 
deep penetration. 

. Magnetic characteristics of vari- 
ous types of welded joints (for 
use in design of electrical ma- 
chinery). 

. Non-destructive tests for welds. 

. Proper welding procedure to ob- 
tain satisfactory welds in hydro- 
gen atmosphere. 

. The value of the Kinzel and Tuck- 
erman Bend Test in determining 
ductility of welds. 

. The comparative effects of flame 
cut on steels of varying composi- 
tions. 

. Study of effect of size and shape 
of fillet welds on strength. 

. Temperatures and technique for 
strain annealing of various types 
of welds. 

. Temperature of oxyhydrogen-car- 
bon monoxide flame with various 
ratios between hydrogen and car- 
bon monoxide. 

. Temperatures of the craters of 
the d.c. and a.c. iron arcs in air 
and other gases. 
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30. The relationship between the ni- 
tride needles and physical prop- 
erties of the weld. 

31. The technique of the carburizing 
and nitriding of the welded metal. 

32. Study of metal transfer by noting 
relative amounts of metal trans- 
ferred in various positions of 
welding. 

. Comparative behavior of an arc 
with a pure iron electrode in argon 
and nitrogen and air with an arc 
formed by an electrode contain- 
ing oxides or slag. 

. The effect of electrodes containing 
nickel and cobalt on the behavior 
of the are. 

. Volt-ampere characteristics of an 
iron are as a function of arc 


length. 


Chairman Structural Steel Welding 
Committee 


At a recent meeting of the Execu- 
tive Committee of the American Bu- 
reau of Welding, Leon S. Moisseiff, 
consulting engineer in New York City, 
was selected to serve as chairman of 
the Structural Steel Welding Com- 
mittee, a position made vacant by the 
recent death of J. H. Edwards. Mr. 
Moisseiff is well known throughout the 
country on prominent engineering 
projects, such as the building of the 
Manhattan and Queensboro bridges 
over the East River, and the strength- 
ening of the Williamsburg Bridge. He 
was engineer of design of the Phila- 
delphia- Camden Bridge, consulting 
engineer on the Ambassador Bridge 
between Detroit and Windsor, and the 
Maumee River Bridge at Toledo, Ohio. 
He is advisory engineer to the Port 
of New York Authority on the Hui- 
son River and Kill van Kull bridges, 
is on the board of consulting eng'- 
neers of the Golden Gate Bridge, San 
Francisco, and is consulting engineer 
to Commissariat of Transportation, 
U.S.S.R. He is a consulting engineer ‘: 
the Chicago World’s Fair Exposition, 
1933, and a member of the American 
Society of Civil Engineers and i's 
Joint Committee on Concrete and R«- 
inforced Concrete. 


SECTION ACTIVITIES 
Philadeiphia 


The first meeting of this season w | 
be held on Sept. 15. Charles Kand:’, 
general manager, Craftsweld Equ' - 
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ment Corporation, will give a paper 
on the “Development of the Elisberg 
S-51 Underwater Cutting Torch,” 
which was written by Commander Ed- 
ward Ellsberg. A motion picture cov- 
ering the activities in the raising of 
the U.S.S. “S-51” will also be shown. 
Mr. Kandel will also talk on “Indus- 
trial Projects on Which the Ellisberg 
Underwater Cutting Torch Has Been 
Used,” which will be illustrated with 
numerous photographs. An exhibition 
of diving rig and complete underwater 
cutting outfit, including a demonstra- 
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tion of dressing a diver for his work, 
will also take place. 


San Francisco 


The first fall meeting of this section 
was held on Aug. 29 at the Athens 
Athletic Club, Oakland, at 7.30 p.m. 
This meeting was in the nature of a 
business meeting and was held for 
the purpose of finding out what the 
members want and what they will do 
during the next year to promote a 
wider application of, and confidence 
in, the welding of metals. 


Some of the Contributors of Papers to the Fall Meeting 
of the A. W. S. 


J. S. Adelson, chief metallurgist, Steel and Tubes, Incorporated, is joint 
author of a paper on “Physical Properties of Electrically Welded Tubing.” 
He received Bachelors and Masters Degree from Case School of Applied Sci- 
ence and has been connected with the Barrett Company as research chemist 
with the Chemical Warfare Service, with the Elyria Iron and Steel Company, 
1923, and with its successor, Steel and Tubes, Incorporated, since then. He is 
a member of the American Welding Society, American Society for Steel Treat- 
ing and American Society for Testing Materials. 

W. M. Dunlap, author of paper on “Arc Welding of Aluminum,” was born 
in South Carolina. He received his bachelor’s degree in chemistry from Clem- 


son A. and M. College, after having seen two years’ active service with the 


American Forces in France during the World War. He took up post grad- 
uate work and taught chemistry and metallography at Iowa State College. 
Since 1922 he has been associated with the Aluminum Company of America, 
first as chemist and then as metallurgist. During the past few years Mr. 
Dunlap has been closely associated with the research work in connection with 
the welding of aluminum and its alloys, developed spot welding of this mate- 
rial and other resistance methods and has recently developed a satisfactory 
flux for are welding of aluminum and its alloys. He has written numerous 
articles on the subject of welding of aluminum, and is a member of the Amer- 
ican Welding Society, American Chemical Society and American Society for 
Steel Treating. 

C. H. Jennings, author of paper on “Fatigue and Impact Tests for Welds,” 
was graduated from the Mechanical Engineering Department of Iowa State Col- 
lege. He has been connected with the Mechanics Division of the Westinghouse 
Electrie and Manufacturing Company since 1928, where he has devoted his 
time to the fundamental investigation of the physical properties of arc welds. 

Robert E. Kinkead, author of the paper on “Cost of Using Welding,” was 
graduated from Ohio State College in 1913. He was engineer officer in the 
U. S. N. during the war and for a considerable period was chief engineer of 
the welder division of the Lincoln Electric Company. He entered consulting 
practice in 1927. He invented the spot annealing process and applied induc- 
tive stabilizer to arc welding machines. He has given considerable time for 
development of procedure control for pressure vessels. He is director and 
consulting engineer for Lukenweld, Inc., and is also consulting engineer of 
the Koppers Construction Company. He is author of book on “Weld Design 
and Production.” He is a member of the A.S.M.E., A.W.S. and Cleveland Engi- 
neering Society. 

Milton Male, joint author of the paper on “Stress Distribution in Side- 
Welded Joints,” was graduated from M.I.T. in 1929 with a degree in Architec- 
tural Engineering. He has been engaged by the Structural Steel Welding 
Committee of the American Bureau of Welding, and at present, during a leave 
‘f absence, employed by the U. S. Steel Corporation. 

Professor J. T. Norton, author of the paper on “Examination of Welds by 
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the X-Ray and Diffraction Method,” was graduated from M.LT. in 1918. From 
1920-1926 he has been research associate, Department of Physics, M.I.T., from 
1926-1929 assistant professor in the Depariment of Physics, and since 1930 
associate professor, Department of Mining and Metallurgy. He has specialized 
in technical and industrial applications of X-rays and in problems of the physics 
of metals. He is a member of the American Physical Society, American Insti- 
tute of Mining Engineers, the Institute of Metals, and American Society for 
Steel Treating. 

Professor G. E. Thornton, author of paper on “Fatigue Investigations of 
Welded Joints,” received his Bachelor and Master degrees from State College 
of Washington. From 1909-1912 he was connected with the Operations Divi- 
sion of the Washington Water Power Company and from 1917-1913 was techni- 
cal expert with Emergency Fleet Corporation. Since 1918 he has been professor 
in mechanical engineering, State College of Washington. He is a member of 
several engineering societies. 

T. R. Watts, author of paper on “Magnetic Testing of Butt Welds,” was 
graduated from the University of Cincinnati in 1922. During the period 1922- 
1926 he was statistician of the Union Gas and Electric Company in their indus- 
trial sales department, and later (1926-1929) served as engineer in their elec- 
tric meter and testing laboratories. Since 1929 he has been connected with the 
Westinghouse Electric & Mfg. Company and other research laboratories, where 
he a devoted his attention to the development of non-destructive tests for 
welds. 

Walter H, Weiskopf, joint author of the paper on “Stress Distribution in 
Side-Welded Joints,” was graduated from the Civil Engineering Department of 
Rensselaer Polytechnic Institute, where he was also elected to membership in 
Sigma Xi. Among the positions which he has held may be included architect 
for Thomas W. Lamb Company, engineer for the Department of Water Supply, 
Gas and Electricity in connection with design of High Bridge over the Harlem 
River, member of the firm of Weiskopf & Pickworth, engineer for the Carnegie 
Steel Company in the development of use of new shapes. At various times, 
and for several years, he has been connected with the American Bridge Com- 
pany as draftsman, in charge of contracts of large structures such as Bank of 
America, 24 stories, and Equitable Trust, 38 stories, and designing and esti- 
mating engineer. Since 1929 he has been in private practice as consulting 
engineer. 

H. L. Whittemore, vice-director of the American Bureau of Welding, is 
author of the paper on “Strength of Welded Joints in Tubular Members for 
Aircraft.” Professor Whittemore was born in Milwaukee in 1876 and was grad- 
uated from the University of Wisconsin. In 1905 he assisted in the develop- 
ment of automatic telephone systems in Berlin, Germany, and later spent a 
year in systematizing work in the control division of the British Westinghouse 
Electric & Manufacturing Co., in Manchester. In 1906 he was in charge of 
inspection at the University of Illinois on testing material and hydraulics. 
Has also been connected with the Watertown Arsenal, Columbia University 
and the University of Oklahoma. Since 1917 he has been a member of the 
staff of the Bureau of Standards, where he serves as chief of the Engineering 
Mechanics Section. In 1928 he was awarded the Morehead Medal for his out- 
standing research work in the oxy-acetylene field. He is a member of the 
American Association of Engineers, American Society for Testing Materials, 
A.S.M.E. and A.W.S., and numerous technical committees. 

James W. Owens, author of the paper “Tensile Tests for Welds,” was born 
in 1886 and studied electrical engineering at the Polytechnic Institute of Brook- 
lyn, N. Y. Prior to entering the welding field in 1918 he was engaged in rai!- 
road electrification and power station design and construction. He was welding 
aide for the Bureau of Construction and Repair of the Navy from 1918 to 
1926 and director of welding for the Newport News Shipyard from 1926 to 
June of this year, when he became associated with the Welding Engineering 
& Research Corporation of New York as its engineering director. He is 2 
past vice-president of the Society, at present a director and a member at large 
of the American Bureau of Welding. He is also author of “Fundamentals of 
Welding-Are, Gas and Thermit,” and in 1928 was awarded the first prize 
$10,000 in the Lincoln Electric Company’s international competition sponsored 
by the A.S.M.E. 





The Examinations of Welds by the X-Ray 
Diffraction Method * 


By JOHN T. NorTON+ 


HE use of X-ray diffraction methods in the study of problems of 

metallography is not new and during the past few years, they have 
yielded such important results that they are now among the regular 
tools of the metallurgist. X-rays afford information which is usually 
fundamental in nature and is of the greatest assistance in supplementing 
the better known metallographic procedures. The application of these 
methods to the problems of welding has been a part of the program 
undertaken by the Fundamental Research Committee of the American 
Bureau of Welding and it is proposed to describe some of the work 
which has been done in this direction. The present paper is to be re- 
garded as a preliminary discussion of the method, and details of in- 
vestigations now in progress will be presented shortly. 


There are several different ways in which X-rays can be employed in 
the study of metals. The radiographic method is well known. The 
penetrating rays have been extensively employed to reveal the interior 
structure of castings and forgings and more recently have been used 
with great success for the non-destructive tests of finished welds. For 
several years, this work had been carried out at governmental and edu- 
cational institutions as well as in industrial laboratories with the de- 
velopment of many special techniques and now has been accepted as a 
regular means of test. The results have been extensively described in 
the literature. 


The diffraction or interference methods of using X-rays in the study 
of problems dealing with metals have been much less generally under- 
stood and made use of in metallographic research while their applica- 
tion to study of welding has been almost entirely neglected. These 
methods depend upon the fact that metals are crystalline and they yield 
two classes of information. The first is concerned with the atomic ar- 
rangement in metals and alloys and in nearly every case provides a 
definite picture of the manner in which the atoms are grouped to form 
the solid state. This arrangement has a great deal of importance in the 
study of the physics of metals. Information of this nature has a par- 
ticular application to the study of alloys and often affords a complete 
explanation of an apparently complex system. The second class of in- 
formation yielded by the diffraction method has to do with the granular 
state of the metal, that is, the size and orientation of the individual 
crystal grains. The physical properties of a metal depend to a large 
extent upon this granular structure and in particular the properties 


*Paper to be presented at Fall Meeting of the A. W. S., Chicago, September, 1930. 
yet rendered to Fundamental Research Committee of American Bureau of 
’ ng. 


tAssociate Prof., Dept. of Metallurgy. Mass. Institute of Technology. 
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which are important in welding, namely, strength, resistance to deforma- 
tion, ductility and so forth. Obviously, then, a method which will shed 
some light upon this situation is of greatest importance. 


There are numerous experimental methods of obtaining X-ray diffrac- 
tion information, all based on practically similar general principles. A 
theoretical discussion of the problem of X-ray diffraction would be out 
of place in this paper but a general explanation is necessary and is per- 
haps best given by the consideration of a particular case. Probably the 
most generally used scheme for the study of granular structure is the 
so-called “pin-hole” method. A narrow beam of X-rays defined by smal! 
holes in lead diaphragms passes through the thin sample of the metal 
to be studied and falls upon a photographic plate. After suitable ex- 
posure, the developed plate is found to contain not only a dark spot due 
to the direct beam but also certain rings or dark spots which are de- 
pendent upon the structure of the sample. 





Piate 





Fic. 1—SCHPMATIC ARRANGBMENT FOR THE “PIN- 
HoLe” Me®THopD 


The source of the rays is an X-ray tube with an iron, copper or 
molybdenum target. It is operated from a high voltage source of such 
a value that the characteristic rays of the target material are given 
off. In the case of molybdenum this is about 30,000 volts. The beam 
of X-rays consists of a quite wide range of wavelengths, referred to 
as “white” radiation and a certain narrow range which is much more 
intense than the rest. This narrow band is the characteristic radiation 
of the target material and by suitable filters may be almost completely 
isolated from the white radiation, the result being a beam which is 
practically of one wavelength or “monochromatic.” In the case of 
problems where precise quantitative information is sought such a mono- 
chromatic beam is necessary but in the more general cases of the study o! 
granular structure, the unfiltered rays containing some white radiatio 
are advantageous. 


A collimating system is employed to define the X-ray beam to a sma! 
round pencil. It is usually made of two or more lead disks with tin) 
holes in the center of each, set a few inches apart in a small tube 
through which the rays pass. The result is a nearly parallel bean 
about one half millimeter in diameter. The necessary conditions ar 
a fine, sharply defined beam with small angular divergence and ai 
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absence of scattering of rays from the pin-holes which give a false im- 
pression on the plate. ~ 

The photographic plate employed usually has a special X-ray emulsion 
and this type is commercially obtainable. X-ray film are also employed 
but are not as satisfactory for fine work because of the difficulty of 
keeping them flat. The normal distance from sample to plate is 5 cm. 
but this may be altered to suit the particular circumstances. It is im- 
‘portant that this distance be accurately known and that the plate be 
exactly at right angles to the X-ray beam. 


The sample, through which the X-ray beam passes is placed close to 
the end of the collimator which is nearer the plate. Often the squared 
end of the collimator to which the sample is attached is sufficient mount- 
ing but for precise work, a goniometer head is employed which permits 
an accurate orientation of the sample. The sample thickness is dependent 
upon the material as well as the wavelength of the X-rays used and the 
optimum thickness for each case can be calculated. Using rays from a 
molybdenum target, the thicknesses which have been successfully em- 
ployed are 0.030 in. for aluminum and its alloys and 0.002 in. for iron 
and steel. Care in the preparation of the specimen is of the utmost 
importance. The usual procedure is to make a transverse section of the 
weld and give it a rough polish so that it may be etched for macroscopic 
examination. Such examination shows the various layers in the metal, 
the extent of the actual weld and usually the heat zones which indicate 
the limits of recrystallization. If photomicrographs are desired for 
comparison with the X-ray pictures, the section is cut into pieces of 
suitable size for polishing and the areas to be examined are prepared 
in the regular manner for microscopic study. While still in the camera, 
it is often advantageous to outline the area under observation with a 
small circle drawn on the polished surface, so that the X-ray picture 
may be of precisely the same region. The specimens are then further 
machined so that tiny pieces of the correct thickness and each having 
one of the marked circles in its center are obtained. This final prepara- 
tion requires the greatest care to prevent any distortion or bending. 
It is then filed down to within two or three thousandths of the final 
thickness and the finishing done by etching with some suitable reagent 
to remove the traces of cold work due to the filing. X-ray pictures of this 
type are very sensitive in showing small amounts of distortion and it is 
very important to be quite sure that the observed effects are really in 
the original material rather than resulting from the preparation of 
the sample. 


The pattern which appears on the developed film depends upon the 
state of the material which is illuminated by the X-ray beam. This 
will be a small cylinder of metal whose diameter is that of the beam 
and whose length is the sample’s thickness, Suppose this volume to be 
a single crystal grain as is possible in a coarse grained metal. Th 
atoms of this crystal are arranged in a regular repeating fashion and 
according to a plan which is alike in all grains of the same substance 
Each atom in this array is excited when X-rays fall upon it and. b« 
comes a secondary source, radiating in all directions. Since all of these 
secondary sources are spaced at definite distances and the distances ar 
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of the same order of magnitude as the wavelength of the X-rays, in- 
terference takes place in such a way that in certain direction the beam 
is strengthened and in others it is destroyed. The result is a series 
of beams emerging from the sample at various angles from the direct 
beam. These interference maxima are surprisingly sharp due to the 
tremendous number of atoms in the small volume concerned and the 
very great regularity of their spacing. They appear on the photographic 
plate as small dark spots. The actual positions of the spots depend 
upon the orientation of the crystal grain with respect to the direct beam 
and if one of the crystallographic axes of the grain is parallel to the 
d‘rect beam, the pattern assumes a definite geometrical configuration. 


If the grain size of the metal in the sample is such that the X-ray 
beam illuminates two or three crystal grains at once, the resulting pat- 
tern shows an increase in the number of spots for it is really several 
patterns representing different orientations superposed. As the grains 
become smaller and more numerous the spots also become greater in 
number until they are fairly regularly distributed over the whole plate. 
With still smaller grain size the spots begin to group themselves into 
concentric rings and finally when the structure is that to be found in 
strongly cold worked metals, the rings are smooth and sharp with 
no traces of spots. These rings are the diffraction maxima due to the 
interference of the characteristic wavelengths in the X-ray beam with 
certain definite distances in the crystal. As the grains become so 
numerous it may be considered that they have every possible orientation 
and hence the rings are continuous and concentric with the direct beam. 
This change in diffraction pattern with grain size can be very plainly 
seen in the X-ray pictures from a series of transverse sections of cold 
drawn aluminum wire which have been annealed at different tempera- 
tures. 


In cold working processes which are of a directional nature, a special! 
condition of the granular structure appears which is generally called 
preferred orientation. As the metal is reduced in size, the deformation 
of the grains is accompanied by a rotation so that eventually the crystul- 
lographic axes of the grains become essentially parallel. This situation 
can be studied in a satisfactory manner by means of diffraction pictures. 
In the case of a fine grained metal where the grains are oriented in 2 
completely random fashion, the resulting pattern is made up of a series 
of concentric rings. If the material is fine grained but only one or 
perhaps two orientations are present, the pattern consists of only seg- 
ments of the rings. These segments may be so short as to be mere 
spots, depending upon the completeness of the parallel orientation. From 
theoretical considerations, one may determine the actual orientation in 
the sample from the appearance of the diffraction pattern and this work 
is of the utmost importance in dealing with problems of plastic de- 
formation. 


An operation such as welding which introduces intense local heatiny 
in the metal almost invariably sets up internal stresses in the interior 
of the sample due to uneven expansion and these stresses are relieved 
by an actual deformation of the metal. The individual crystal grains 
are slightly broken and the different elements of what was originally : 
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single grain, are slightly rotated with respect to one another. The 
diffraction maxima which result from such a grain are not sharp spots 
but are in the form of radial streaks upon which the spots are super- 
posed. These streaks are really small spectra of the X-ray beam such as 
would be produced by an oscillating crystal and show all of the features 
of such a spectrum. If a filter_is used to render the beam essentially 
monochromatic, the streaked appearance or “asterism” of the. paGern 
practically disappears. 


The appearance of asterism in X-ray diffraction pattern is of the aA. 
est importance in showing the presence of internal strains in metal 
samples such as castings and welds. One can determine in what por- 
tions these strains exist and to what extent they have been eliminated 
by recrystallization. It is not possible to make a quantitative estimate 
of the amount of distortion in a particular sample but comparative re- 
sults are of the greatest value, particularly since there is no other way 
in which the information can be obtained. 


To illustrate the method which has been described above, the case of 
a weld with some very interesting features will be considered in some 
detail. The weld was made by the metallic arc process in aluminum 
sheet. The specifications are: 

Material—2 S O Commercially Pure Aluminum—1},, in. plate. 

Method—Metallic arc. 

Filling Rod—Aluminum with 5 per cent silicon—3,/16 in. dia. 

Flux—No. 25—coating on filling rod. 


Current—150 amp. 


The weld was made from one side of the sheet only without beveling 
the edges and was in two layers. Two 12 in. x 6 in. plates were welded 
together to make one 12 in. x 12 in. plate. The aluminum was cold rolled 
sheet. Fig. 2 shows the macro structure of the weld as well as the loca- 
tion of the X-ray pictures. In each case the X-ray picture is accompanied 
by a micrograph of the same area, taken at a magnification of 75X. 


Fig. 3 shows the structure at area No. 7 and is exactly like that of 
the original plate. The preferred orientation due to rolling is very 
complete as is shown by the short length of the circular segments. No 
change in the granular structure of the plate has been been produced by 
the heat of the weld, at this distance (1% in.).. Fig. 4 which represents 
area No. 6 and is *4 in. from the center of the joint shows exactly the 
same fine grained structure with parallel orientation. Fig. 5, represent- 
ing area No. 5 which is 142 in from the center of the joint is very differ- 
ent. Here, the temperature has risen high enough to cause the begin- 
nings of recrystallization and the smooth rings of Fig. 4 are now seen 
to be made up of many small spots. Most of these are sharp and do 
not show asterism, indicating that there has been little deformation of 
the plate in this region. There is also distinct evidence of the persistence 
of the preferred orientation due to rolling even after recrystallization 
has definitely commenced. Fig. 6 of area No. 4 shows more complete re- 
crystallization and this would be expected since it is only ™% in. from 
the center of the weld and undoubtedly reached a quite high tempera- 
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ture. Although the traces of the parallel orientation of the original 
state have almost disappeared, there is much increased evidence of 
asterism or radial streaks. These indicate that the uneven expansion 
due to differences in temperature have given the metal a permanent de- 
formation. The same situation is to be observed in Fig. 7 except that 
the preferred orientation has practically disappeared and the strain or 
distortion in this region is somewhat increased. 


Fig. 8 shows the condition in the weld metal itself at area No. 1. This 
is a typical cast structure of fairly coarse grain with the very pro- 
nounced strain which accompanies the rapid solidification of molten metal. 
The metal has not cooled fast enough to yield a quenched type of struc- 
ture because the plate was well heated during the deposition of the first 
layer but the grain size, which is borne out by the micrograph, indicates 
that cooling was fairly rapid. 


Fig. 9 is in the lower layer of weld metai which was deposited first. 
Here we have cast metal rapidly cooled and then reheated while the 
second layer was applied, at the same time being subjected to severe 
distortion due to the warping of the plates. The result is metal of 
somewhat finer grain than in area No. 1 but with very pronounced 
asterism. The photomicrograph shows also that the grain size in area 


No. 2 is smaller than in No. 1 but shows nothing of the condition of 
strain. 


That the asterism in diffraction patterns such as Fig. 7 is really due 
to strains introduced by uneven expansion in the welded plates, can 
easily be shown. Fig. 10 is the diffraction pattern of a small sample 
of the same metal as the welded plate heated to the same temperature 
for the same time as area No. 3. Since the temperature of this small 
sample was practically uniform, it-was not distorted on heating and 
cooling and it shows no trace of asterism. It does show, however, slight 


traces of the rolled structure of the original plate which have persisted 
even after complete recrystallization. 


The application of the X-ray diffraction methods to the study of a 
welded joint in aluminum plate has been described as an illustration of 
the usefulness of the method in this type of work. The information 
which results is of a fundamental nature, much of which cannot be ob- 
tained in any other way and there seems to be a real need for research 
along these lines in the very important field of welding. 


Cost of Using Welding* 


Rost. E. KINKEAD+ 


ANUFACTURERS are giving serious consideration, at the present 
L time, to the matter of welding costs. The reasons for the interest 
in this subject are not difficult to find. Use of welding is spreading 
rapidly; perhaps more rapidly than at any time in the past 15 pears. 


Welding holds out a promise of important cost reductions. The matter 


*Paper to be presented at Fall Meeting of the A. W. S., September, 1930. 
tConsulting Engineer. 
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of welding costs would be comparatively simple if we had to deal with 
only one process. As a matter of fact, there are ten well defined welding 
processes which are different from each other in the matter of use in 
production and which produce widely different results in the physica: 
behavior of the welded product itself. The situation is still further 
complicated by claims of vendors of equipment and supplies. Under 
the circumstances it appears opportune to dscuss at this time the 
foundations upon which cost estimates and cost predictions are based. 
We may, perhaps, examine a concrete case of a more or less typical 
nature with the thought in mind of getting sufficient information to 
state the fundamental problems in connection with cost prediction. 


A plate fabricator sold a pressure vessel for $6,000. His cost de- 
partment reported that the cost of the vessel loaded on a car in his plant 
was $4,800. What the cost department meant was that the cost of labor, 
material and overhead on the vessel was $4,800, according to their esti- 
mate. The plate fabricator paid a selling cost of 10 per cent or $600 
to get the order for the vessel. This brought the cost up to $5,400. The 
fabricator’s accountant showed a profit of 10 per cent or $600 on the 
transaction. This transaction is typical of a large number of similar 
cases and we may now pursue a serious inquiry into the situation to 
discover, if possible, what is the matter with our present conception of 
cost prediction. 


From personal knowledge of the subsequent history of this transac- 
tion, the following facts may be stated. In three months the vessel 
referred to failed in service and the plate fabricator spent $800 putting 
it into operating condition. Six months later the vessel failed again and 
the plate fabricator replaced it on guarantee account. In the period 
covered by the last two calendar years, the plate fabricator has not 
been able to get additional business from that particular customer who, 
incidentally, is a large buyer of pressure vessels. 


With the subsequent history of this transaction in mind, we may 
inquire what the cost of the vessel really was at the outset. We would 
certainly conclude that the cost of the vessel was unknown and for all 
practical purposes unknowable. The reason the cost was unknowable 
was that we have no way of estimating what dollar value should be as- 
signed to the loss of good will which resulted from failure of the vessel. 
We might make a fair estimate of this loss in the case of the particular 
customer involved but we can make no estimate of the loss involved due 
to the fact that this dissatisfied customer was used by the plate fabri- 
cator’s competitors to prevent him from getting business from other 
sources. 


We may consider the matter from the point of view of the buyer. 
When he bought the vessel, he believed that his cost was $6,000, but 
after two failures with the accompanying loss of production, etc., his 
cost on the vessel was probably far in excess of $6,000. 


In the case under discussion, therefore, we have now arrived at the 
point at which we do not know for certain what the vessel cost the plate 
fabricator or what it cost the buyer. We may perhaps reasonably con 
clude that the figure the cost accountant gave the plate fabricator as 
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the cost of the vessel was not really the cost at all. As a matter of 
fact, the cost accountant was dealing with a cost indicator which, in this 
particular case, was absurdly low as compared with the real cost. We 
have also arrived at the point at which we are certain that the real cost 
to the buyer was not $6,000; so that when the buyer’s accountant in- 
dicated in the records the cost of the vessel as $6,000, he was grossly in 
error in the matter. 


The case under discussion was chosen because it illustrates in a strik- 
ing way the inadequacy of the cost indicator which is used in most 
transactions of this nature. We are reasonably certain that a general 
survey of buying and selling transactions would show that real costs 
vary widely, from the figures obtained by using the cost indicator, labor 
material and overhead. As a matter of fact, we are quite thoroughly 
convinced that many manufacturers are putting themselves out of busi- 
ness by placing too much confidence in the cost indicator which is ob- 
tained in this way. Many manufacturers are selling in a sharply com- 
petitive market with this fallacious cost indicator as reference point. 
We are personally aware of a number of competitive products in which 
the service life in one case is ten times the service life of the product 
in another case, yet the manufacturer of the equipment which has the 
longest service life is basing his selling price on labor material and 
overhead and comparing it with a similar figure which he estimates his 
competitor is able to reach. As a matter of fact the man with the long 
life equipment is giving his customer something that has an economic 
value of the order of 10 times the economic value of the product of his 
competitor. Under these conditions the manufacturer who has put eco- 
nomic value into his product probably has no one to blame but himself 
if he cannot earn profits. 


Out of this situation has come a new conception in our minds of cost 
prediction. Possibly there is historical justification for a new concep- 
tion of cost prediction. In the decade ending roughly in 1920, American 
manufacturing industry was what the advertising man calls production 
conscious. Orders were not hard to get. Productive capacity was below 
consumption requirements. Under these conditions it is obvious that the 
cost indicator, labor material and overhead, was significant. It seems 
entirely likely that in the decade beginning 1930 we will operate under 
different conditions. Orders are not plentiful. Production capacity 
is 50 per cent greater than consumption needs. The buyers attitude has 
undergone a considerable change. Office boy purchasing agents have 
gone out of style largely because they cost buyers too much money. 
Buyers under present conditions are fully aware of the fact that an in- 
competent business man will resort to practically any reduction in quality 
‘o keep his plant operating with low priced orders. More and more buy- 
rs are requiring information from vendors which will establish the 
economic value of the product. The initial cost is becoming less im- 
portant than economic value. We do not infer that the millenium has 
een reached, but the tendency is toward consideration of economic value 
‘f a product rather than its initial price. 


} The question naturally arises as to how economic value can be estab- 
ished. Experience has shown that it is not as difficult as it appears 
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at the outset to establish the economic value of a product. Leaders in 
industry have been doing that very thing in recent years. The product 
is tested under the direction of scientifically trained observers under 
service conditions or a close approximation of service conditions. The 
physical laboratory is no longer a luxury in industry. It is rapidly 
becoming a necessity and its economic function is to establish the eco- 
nomic value of the product manufactured. “Life” tests are being run 
and the data published on many kinds of machinery and equipment. The 
purpose of such life tests is to establish economic value and to dis- 
courage the competitor who quotes a lower price on an inferior product. 


In the welding field we are becoming convinced that the mere fact 
that a weld may be produced which is stronger than the parts joined is 
not significant. We are duly impressed when a manufacturer can be 
making a thousand welds which are all stronger than the parts joined 
because it shows that his methods have been refined to the point 
at which the quality of the product is not dependent on skill or good 
intent of the operator. We are becoming increasingly aware of the fact 
that resistance to tension loading is only one service requirement to be 
met in the case of welded joints. Resistance of corrosion, to fatigue, 
to high temperatures, and the other service requirements are quite as 
important, and in many cases more important, than resistance to tension 
loading. The service behavior of welded structures or products with 
reference to these conditions determines the economic value of the welded 
product. Professor Moore of the University of Illinois ran some life 
tests on pressure vessels, for instance, in which he showed that the life 
of a pressure vessel welded in a certain way was of the order of 400,000 
cycles of service loading but the same vessel welded in another way had 
a life of the order of 5000 cycles. It seems to us that Professor Moore’s 
work established the relative economic value of the product when welded 
by the two different methods. It is quite probable that the buyer would 
be willing to pay considerably more for a vessel which would stand 
400,000 cycles than he would for one which would stand only 5000 


cycles. What is true of pressure vessels, such as Professor Moore in- 


vestigated, is also true of welded buildings, welded automobile parts and 
industrial equipment. Possibly the outstanding example of development 
and research work in this field is the case of the A. O. Smith Corporation 
which carries on an elaborate program of research and study to establish 
the economic value of its products. If we are correctly informed the 
initial price of these products is based upon economic value rather than 
the combined labor material and overhead costs. 


The cost indicator we have been using certainly cannot be abandoned. 
It may be used as a yard stick for day to day or month to month per- 
formance of a production organization but under the conditions to which 
American industry is subjected in 1930, we need an additional cost 
indicator which is based upon the economic value of the product as ob- 
tained from life tests. This is particularly true in the case of welding 
where technical knowledge is not widely disseminated. 
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Stress Distribution in Side-Welded Joints * 
By W. H. WEISKOPF+ AND MILTON MALEt++ 


(The notation used throughout this paper is given in Appendix A) 


HIS paper presents three new features in connection with side-welded 
joints; that is, joints in which the welds are disposed parallel to the 
direction of stress. They are: 


(1) A theory as to the manner in which welds deform under shearing loads 
and, resulting therefrom, a determination of the value of the Detrusion 
Ratio, D. 

A means of determining the effective areas of the bars composing such a 

joint (i. e., the percentage of the total areas that should be considered as 

transmitting load). 

A method of determining the length of welds, such that the maximum 

shear stress will not exceed the average design stress by more than any 

desired ratio. 

The authors offer these, not with any idea that the problem is com- 

pletely solved, but as practical suggestions that may be used with safety 
pending further investigation. 


Two years ago a discussion by prominent engineers as to the behavior 
of fillet welds in transmitting shear from the cover plates of heavy 
girders led to a series of six tests at the Bureau of Standards in Wash- 
ington. Simultaneously, but quite independently, the late Professor Peter 
Gillespie of the University of Toronto undertook to investigate a similar 
problem, the results of which confirmed the suspicion that shear dis- 
tribution along a side-weld was not uniform. 


The next practical step forward was an experimental study of the 
stress-strain characteristics of welded joints by Professor J. Hammond 
Smith at the University of Pittsburgh, the results of which, without 
analysis, were fully reported in the September, 1929 issue of the JOURNAL 
OF THE AMERICAN WELDING SOCIETY. 


To answer several unexplained questions arising from the 1929 tests, 
a new series was begun this year under Professor Smith’s direction by 
Messrs. Haven, Logan and Hobe, seniors at the University, and reported 
in a thesis, “Strain Characteristics of Fillet Welds.” A summary of 
the results of this thesis is here presented. Continued reference to 
both the 1929 and 1930 series will be made further on in discussing 
the theoretical analyses. 


1930 University of Pittsburgh Tests 


The test specimens this year were composed of wide bars united by 
long welds. The grip bars and the joint, or cover bars, were 10 and 8 in. 
wide, respectively, and the welds were 7 in. long. Measurements of strain 


*Paper to be presented at Fall Meeting of the A. W. S., Chicago, September, 1930 
‘Consulting Engineer. 
'U. 8. Steel Corp. 
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were taken, both along the weld and across the joint bars. Fig. 1 shows 
the dimensions of the joint elements and the location of the points and 
sections at which measurements were taken. 

The instrument used to measure the strains had functioned most 
satisfactorily in the 1929 tests, in which the majority of specimens were 
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composed of 3 in. grip and 2 in. joint bars of various thicknesses. Inas- 
much as the specimens this year were much wider, the effect of eccen- 
tricity introduced by supporting the yoke on points quite distant from 
its center of gravity could not be neglected. 


The instrument was modified therefore, by adding an adjustable coun- 
ter-weight to balance the yoke on the outermost screws, another dial was 
added to make the readings more accurate, and the contact screws were 
made larger and sturdier. Fig. 2 gives an excellent view of the modified 
instrument mounted on a specimen ready for testing. 

















Fic. 2—ViIgew OF INSTRUMENT MOUNTED ON SPECIMEN 


The manner of testing was described in the 1929 paper and will not 
be repeated here. The larger bars and longer welds of the 1930 series 
permitted greater loads, and readings were taken at 24,000, 48,000 and 


72,000 Ib. loads. Not all specimens, however, were measured at the 
'2,000 Ib. load. 


Figs. 3, 4 and 5 show the results obtained by measuring the strains 
long the weld over a zone 1 in. wide. Strains in millionths of an inch are 
lotted as ordinates, and the distance in inches from the end of the 
oint bar as abscissae. The significance of taking measurements over a 
ne an inch wide will be discussed further on. 


Figs. 6, 7 and 8 show the curves of strain measured across transverse 
ections of the joint bars. One set of measurements was taken at a 
ction near the top of the joint bar, Section A of Fig. 1, one near the 





26 JOURNAL OF THE A. W. &. [September 


middle of the weld, Section B, and three near the end of the weld, next to 
the center line of the joint, Sections C-D-E. 


While curves were determined for all loadings, only the curves show- 
ing the deformation at the 48,000 lb. load are here plotted. The strains 
are very nearly proportional to the load, and the omission of other 
curves for the same section makes the chart easier to read and interpret. 


DISTANCE FRom END OF WELD - INCHES 


Fic. 3—STRAINS Across WeL_Lp—Spec. LA3 





One change has been made in presenting these graphs. In the thesis, 
the origin, or reference-point was assumed to be a point on the grip bar, 
and the curve rose from this point to a maximum at or near the center 
line of the joint bars. Since the center line deforms least, and the edges 
of the bar most, the curves have been inverted and the origin placed at 
the center line, with the curve rising to a maximum at the point on the 
grip bar. It is apparent that the relative deformation of one point 
with respect to any other remains unchanged by thus presenting the 
curve. ; 


The depression below the origin of the curves for specimens LA‘ 
and LB1 (Figs. 6 and 8) taken at Section E nearest the center line of 
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the joint, appears to suggest either a slight eccentricity in the specimens, 
which might cause a reversal of strain where a bar first picked up load, 
or a compression due to Poisson’s effect. The magnitude of these depres- 
sions is so small that they may be disregarded. They disappear further 
along the bar. 
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Fic. 4—STRAINS AcRoss WELD—SPec. LC1 


Theory of Weld Deformation 


The tests made at the Bureau of Standards led to a mathematical 
analysis of the distribution of shear along the welds of a side-welded joint. 
Formulae were derived that quantitatively indicated, it is believed for 
the first time in history, that the shear is a maximum at the ends of the 
welds. A similar condition undoubtedly exists in joints made by any 
process, although it has commonly been disregarded. 


The fundamental relation expressed in that analysis was the formula* 


__*From the manuscript, “Detrusion Tests of Longitudinal Fillet Welds,” by Edwards, 
Vhittemore, and Troelsch, to be submitted to the Bureau of Standards for publication 
n the B. S. Journal of Research. 
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v 
> D 
where D, the Detrusion Ratio, is a measure of the stiffness of the weld 
and was to be determined experimentally. It was assumed to vary with 
the size of the fillet. 

D is the unit shear on the weld itself divided by the corresponding 
deformation of the weld. Its value as used in the mathematical analysis 
is not immediately found from any of the tests that have yet been made. 


~ DISTANCE FRom Enp or WELD- INCHES 


Fie. 5—STRAINS Across WeLpD—Spec. LB1 





Tests have given only the deformation between points on both sides o!, 
and some distance away from, the weld, and for a given shear this defor- 
mation will be greater than that of the weld itself. How much greater 
depends on assumptions, the present justification for whose use lics 
— in the fact that they give results conforming approximately to the 


We may assume that, along the throat of the fillet; from the root 10 
the hypotenuse, one of three conditions applies: 
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(1) both shear and deformation vary non-uniformly, or 


(2) the shear varies in such a manner that the deformation of all slices 
is a constant, or 


(3) the deformation varies so that the shear on all slices is a constant. 


The first assumption is discarded as being unworkable. The second 
results in a shear of infinite magnitude at the root, which can be avoided 
only by considering the root beveled to a depth which must be determined 


DISTANCE FROM ¢ JOINT BAR: INCHES 


Fic. 6—DErcrRMATIONS ACRoss BAr—Spec. LA3 
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empirically. The third assumption gives zero deformation at the root 
and maximum deformation at the hypotenuse, which appears reasonable. 
This assumption means that each cross-sectional slice of the fillet is con- 
sidered pivoted at the root, which therefore forms a convenient origin. 


The authors are starting with this assumption in presenting a theory 
in which the value of D is determined theoretically. 


¢ 2 3 A 5 
DISTANCE FKom ¢ JOINT BAR - INCHES 


Fic, 7—DEFORMATIONS Across Bar—Spec. LCl 
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In Fig. 9 let V = total shear on any triangular fillet in a direction per- 
pendicular to the paper. 


Let V be uniformly distributed along the two legs of the fillet and 
hence across the throat, T. 


Therefore the shear on any strip of unit width 


Let q = the deformation of any strip distant X from O. 


¢ 2 a 4 5 


DISTANCE. FROM¢ JOINT BAR - INCHES 


Fic. 8—DEFORMATIONS Across BAr—Spec. LB1 
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oe dh. cal SO 
|) oe 
Now let Q, the deformation of the entire fillet, be measured by the 
deformation of a strip passing through the center of gravity of the fillet, 
parallel to the hypotenuse H. 











FILLET 


and D = 


The expression D = : GF applies to the general case of any triangular 


fillet. In common practice today, fillets are made with a right angle a‘ 


the root and with equal legs. For such fillets T = a 


and D=+4 
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The value of D, then, is taken as constant for a given weld material, 
and as independent of the size of the fillet. 


In comparing the true value of D with the apparent detrusion ratio 
D,, as measured between points straddling the weld, it was observed that 
D, was approximately equal to D divided by twice the diagonal distance 
in inches between the points and this relation has been adopted in our 
theory. This means that the zone acress which D is effective would be 


> 3 &4...8 6 oe. 5 ts 
RATIO oF 


Fic. 10—EFFECTIVE AREA CURVE 
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one-half inch wide but what the physical significance of this zone is the 
authors are not able to explain at the present time. It has also been 
impossible to reconcile the theory presented here with one short weld 
specimen in the 1930 series of the University of Pittsburgh tests. This 
was a specimen whose bars were the same as those of specimen LA3, 
but attached by %-in. weld only 2 in. long, located half way between 
the ends of the joint and grip bar. Since only one such specimen was 
tested, it is impossible to draw any definite conclusions from the results 
of the test. 
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Fic. 11—Forces at LINE oF WELD 


Effective Areas 


In the analysis by Troelsch previously referred to, the equation for 
the shear curve was derived by assuming that at any transverse section 
through joint and grip bars, the stress carried by those bars was uni- 
formly distributed over their respective total cross-sectional areas, A, and 
A,. This assumption is one that is commonly made, with a negligible 
degree of error, in connection with many features of design. 


In the case of the welded joints under consideration, however, the 
error becomes important, for this assumption gives results that vary 
excessively from those of every specimen tested. 


To analyze the behavior of a bar under load a theory of stresses and 
deformations was developed, and is given in Appendix C. This theory as 
checked by measurements of strains across the bars of such joints (Figs. 
6, 7 and 8), shows that the stress is not distributed uniformly but that 
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the portions next to the weld are stressed to a much greater degree than 
those further away. To assume that the shear distribution along the 
weld is the same for both uniform and non-uniform stress in the bars 
would not be correct, and might lead to erroneous results. 


The labor in computing the actual distribution of stress across the 
bars for any given case makes such a method unsuited to practical design. 


It is desirable, therefore, to find what equivalent areas, if concentrated 
at the line of weld, would produce the same total deformation as actually 
results. Such equivalent areas will be called the percentage of gross 
areas effective, or briefly, their “effective areas.” 


D - \nc# 


Fic. 12—THEORETICAL AND MEASURED STRAINS—1929 SERIBs 


Fig. 10 shows a curve giving the effective areas (percentage of gross 


areas) for various ratios oft, in which Z is the length of the weld and 


F the distance from the weld to an axis of zero shear, which may be 
either a line of symmetry or a free edge. 


At a ratio of 3 of zero (when the area is all concentrated at the 
weld) all of the gross area is effective; when the plate widens out to a 


ratio of - = 1, only 37 per cent is effective. As the ratio increases 
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beyond 1 the curve varies hyperbolically in such a manner that although 
the percentage of effective area becomes smaller the absolute area remains of 
constant for a given thickness. It is apparent, therefore, that increasing f 


F beyond the limiting practical ratio of 1 will add nothing to the effective 


areas, a, or a,. 
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The curve was derived as follows: 


In Fig. 11, a plate, symmetrical about the axis X-X, is acted upon by and 
two shearing forces in opposite directions, f, (x) and — f, (x), varying 
so as to give curves rising steeply to maxima at the ends of the weld. 

With the shear curve f, (x), the values of k, (Equation H, Appendix 


C) were evaluated and these, in turn, used to compute the total deforma- 
tion (Equation S) in the length Z of the weld. B 
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Returning to the conception of effective areas, assume a piece of metal! 
of area a, and length L, to be acted upon by the same shearing forces 
f Gea 
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Fic. 14—THEORETICAL AND MEASURED STRAINS—SpPeEc. LC1 





The intensity of stress at any point is 


* f,(x)dx 


p= 


and the deformation in the distance 


By equating the deformations for both cases a simple equation resulls, 
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which for any value of Pi gheal be readily solved for the corresponding 


Z 


value of a. 


This curve is plotted as the lower broken line of Fig. 10. In a similar 
manner an absolutely uniform shear f, (x) was assumed to act on the 
bar, and the upper broken line was plotted. Since all practical cases will 


| 2 2, 4 5 
DISTANCE FROMEND OF WELD- INCHES 





Fic. 15—THEORETICAL AND MEASURED STRAINS—Sprc. LB1 


fall somewhere between these two limits, the intermediate heavy con- 
tinuous line is submitted as one that will meet the average condition. 


Comparison of Theoretical With Measured Curves 


Let us now compare the theoretical shear curves with the measured 
curves. With the value of D =; G = 8,700,000, and effective areas «s 


given by Fig. 10, shear curves were evaluated by the equation 
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they were tested the instrument had not been corrected to measure wide 
specimens. The results of this series have, therefore, been disregarded. 


With the shear curve determined, it was translated into a deformation 


curve by the simple relation 
Vv 


D 


The resulting deformations of the weld itself are shown as continuous 
curves in Figs. 12-15, inclusive. 


Ratio of + 


Fic. 17—CHART FOR DESIGNING 
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The measured deformations are plotted above as solid circles, and the 
theoretical zone deformations are shown as broken curves, determined 
from the relation of D, to D, previously given. 


The following table gives the data from which D, was calculated: 





Type or Distance Between Pin Points (Inches) p _ D = 8,700,000 
Series Horizontal Vertical DiagonalM “~?~ 2M 


375 625 7,000,000 

5 -707 6,200,000 

‘ -75 .903 4,800,000 

LA3 ‘ 5625 1.15 3,800,000 
LC1 j 25 1.03 4,200,000 
LB1 d 375 1.07 4,100,000 








An examination of the curves is rather illuminating. It is seen that 
the strain curves determined by D, correspond fairly closely with the 
strains measured over a zone included between the pin points. The 
strain curve determined by D shows the deformation of the weld itself, 
and is in all cases lower, but steeper than that of the zone. It is sig- 
nificant to note that in the short 24%4-in. welds the ratio of the maximum 
strain to the average strain does not exceed 2, but that for the longer 
7-in. welds the ratio is greatly increased, varying from 2.52 to 3.68. 


The strain measurements taken across the bars offered an excellent 
means to check the value of D and the correctness of the shear equations 
used to produce the curves in Figs. 12-15, as well as the theory of internal 
stress (Appendix C). 


These shear equations were substituted for f, (x) in Equation H of 
Appendix C, and the deformations across three sections of the bars 
were computed by means of Equation R for the 1930 specimens. Compu- 
tations were made for sections 3/16, 34% and 6%% in. from the top, or end 
of the joint bars. (Sections A, B and E). 


The deformations are shown in Fig. 16 for specimen LC1, in which the 
theoretical deformations are shown as continuous smooth curves, and 
the measured deformations by solid circles. The correspondence was 
very satisfactory. 


Length of Welds 


When it became apparent that the length of the weld greatly affects 
the ratio of the maximum to the average shear, this ratio becoming 
greater as the length increases, it seemed highly desirable to develop a 
simple, practical method of determining the length of welds such that the 
maximum shearing stress would not exceed the average design stress 
by more than any desired ratio. 


It is common practice to design welded joints with an average safety 
factor of 4. If it is desired that at no point should this factor fall below 
2, then the maximum stress should not exceed twice the average. This 
- the limit set in deriving the rule, the derivation of which is as 
lOLOWS 
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R= greater effective area = a 
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and as a diye? R is is always greater than unity. 


Peery 
“Vaz 1)DN 


Twice the average shear was then equated to the maximum shear 


: a f Reosnt+1] 
I ae 


then 





> till 
sinh— ) 
b 


2(R +/1) sinh . 





ee 
x. ‘eel 


R cosh zt 1 


By means of trial the equation was solved for — for different values 


of R. 
Since E and D are constants and for this case N = 4, 


ner Kg 


Z= KV i 


The curve was then plotted, and is shown in the upper half of Fig. 17, 
with K as ordinates for values of R as abscissae, in which 


=KVa 
Now in order to design a joint in which the maximum shear shall not 
exceed twice the average, let the designer determine from the conditions 
of his particular problem, the gross areas of his bars and the length of 
weld needed to carry the load at usual working stresses. 





and 


From the lower curve of Fig. 17 determine the effective areas of the 
larger area =a 


smaller area 


Then enter the upper curve with R and determine K, which when mu- 
tiplied by the square root of the larger effective area a, will give the 
permissible length of weld, Z. -If the designed length is smaller, the 
joint is satisfactory; if longer, either the width of the bars should be 
reduced, or the weld made larger in cross-section, thus reducing its 
length. 


To illustrate, let it be desired to check the length of the welds in 
Series C, without having any previous knowledge of the shear distribi- 
tion. 


bars and compute R = 
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Z = 2.25, Joint bars 2 x %-in., Grip bar 3 x %-in. 


ager. 
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Joint Bars. F,=1, > == .445, efficieney — 67 per cent 
a, = .67 (A,) => .67 (3.0) = 2.01 sq. in. 


Grip Bar 


Portion between welds, F, = 1; ~= .445, efficiency — 67 per cent 


Projecting portion, , = 6; —~-=— .222, efficiency = 89 per cent 


a, = .67 (1.0) + .89 (.5) = 67-4 .45—1.12 sq. in. 
2.01 
R =>=—_ 

1.12 

From upper curve R=1.795 K=1.59 
length Z = 1.59\/2.01 = 1.59 (1.416) = 2.25 in. 

Thus this weld is just the right length and should therefore cause a 
maximum stress of twice the average. Referring to the curve for Series 
C in Fig, 12, in which the shearing deformations of the weld itself are 
plotted, it is seen that the ratio of maximum to average shear is 610 to 
307, or 1.99. 

The authors wish to thank Professor J. Hammond Smith and his asso- 
ciates for kind permission to use the results of the thesis quoted herein, 
and particularly to express to Mr. F. T. Llewellyn their appreciation for 
his many valuable suggestions and for making availab!e the experimental 
data used in this paper. 

The following are attached as appendices: 

Appendix A.—The notation used throughout the paper and in Appen- 
dices B and C. 

Appendix B.—Several equations for the shear distribution along 
welds (Troelsch). 

Appendix C.—The theoretical analysis of the direct stress and shearing 
stress at any point in a rectangular body. 


APPENDIX A 


The following is the notation used throughout the paper and in the 
equations of Appendix B and C: 
E = 29,000,000 +/sq. in. = Modulus a, = effective area of joint bars 
of elasticity in tension and com- a: = effective area of grip bar 
pression a = larger of two effective areas, a 
G = 2/5 E = 11,600,000 #/sq. in. = or a 
Modulus of elasticity in shear Masti ao 
) = 3/4 G = 8,700,000 #/sq. in. = r = ratio of effective areas ~ 
Detrusion Ratio of isosceles R = ratio of larger to smaller effec- 
L 
Zz 


1.795 


right angle fillet tive area, > 1 
- total external load on joint = length of joint bar 
’ > intensity of direct stress in bar = length of weld 
= total shear on weld F = distance from weld to axis of 
= shear per unit of length of weld zero shear in bars 
= intensity of shear in bar T = throat of weld 
= shearing deformation of weld M = diagonal distance between pin 
= deformation of any point in bar points 
\, = gross area of joint bars N = number of welds in cross-section 
= gross area of grip bar of joint 
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‘a, a E ue n=the number of the term in a 
Tata.) NI Fa.) ND = constant for joint, Westar’ Gestes 


determining the shape of the 4m, bn, kn, = coefficients in a Fourier 
shear curve Series. 
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Equations For Shear Distribution Along A Weld. 
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Expressions for the shear, a, to be published the Bureav 
of Standards can be put into the form gwen above by a 
change in the. origin vet co-ordinates. er CXpressions were 
also independently derived by W. H. Weisko le 
case, A=42z, by the bk Professor Gillespie. 
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APPENDIX C 
SHEET 1 





APPENDIX C 


Equations for the direct stress and shearing stress at any 
point in a rectangular bedy are derived as follows :- 
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Fis. A. 


Fig. A tepresents a rectangolar body of onil fhickness 
acted won by difect stress on two faces and shearmg stress a 
the other two. These external forces can vary with % and y 
according #0 any laws whatsoever, and ave here representa! 
fit), tal) and #fsUy), #4 G)- is the intensity of direct 


stress at any point, and s #& te intensify of shear. Then 
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swabs ie & dF ferential area, dv dy, after 
| deformation. From the figure 
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APPENDIX C 
SHEET 2 











The following expressions for p and s satisty the differential 
equations (A) and @). 


=/£ ) a cosh/E sin nt +> by sinh|€ na cosny + 
p =f Sam cosh}E ny sin oe + by snh/t 7. 

5 = 2 an sinh/E ny cos ng +S bn cosh/8 ng sinny +d 
; -=-(0) 


These ave general expressions for direct stress and shear 
ab any point in fhe bedy fer an external leads parallel fo 
the X axis. I Mere are no external direct leads the first 
term only in each equation will be required. /f there are no 
external ~ shearing forces the last two terms only need be used. 


L-¢ Splice Ve s=4@) 











lo Bar 
gale 


Origin © 








a eee 
| macenes | 











LY 














Left us equations () and (vb) te the joint bar of a side 
welded Pod 5 rd, sfeat as shown rs Fis. C. “Sihce there are no 
external direct stresses only the first two terms in the equations 
need be used. To satisty the two conditions 

when £3704 p=o 

when z=l, po - 
take the. Y auis at oe end of the joint bar, pot | fr 7 
and LF for ¥. Then €) and (D) become 


° =)E> an cash}E te sin “nt (Ee) | 





re nblE 07. | 
$=} a sinh]E 2S atc as (F | 
Tf the splice is symmetrical about the center lne of the 
joint bar, this center line 1s a line of zero shear. To satis! , 
this condition take fhe center line of “the joint bar as tc 
x azis. Then when yr, $70. 
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We still have fo satisfy the condition that when y > F, 54. 
Put y=F in eqation (F). Then 
nve 


Then by the methods of fourier Series 
L 
2 fe) cos “72 dx 
°o 
n= 


WF 
| sioh|e 


It is found more’ convenient for computation te express (E) and 
() in terms of a new series of coefficients kn given by 
the equation 
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‘equations (6) and (¢) then become 
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The deformation of ary point measured parallel to the 
X axis ts obtained as follows: 
The deformation on the line OB (See Fig.c) is 
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The deformation on the line bP is 
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APPENDIX C 
SHEET 4 





Tt ws found that when the external hads on the joint 
bar are symmetrical aboot the center bine of the splice, 
equals gero for even values of nm. For odd valves of n 
from equation (M) when = & 


L a, 
A4ea=e- Gna 
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Magnetic Testing of Butt Welds * 


T. R. WatTtTst 


1. MAGNETOGRAPHIC INSPECTION, OR MAGNETIC SPECTRA. 
NEW VARIATIONS OF THE METHOD. 


HERE have been several publications in French and English de- 

scribing the magnetic method of testing welds developed by M. Roux, 
head of the Laboratory of La Soudure Autogene Francaise. This method 
consists of passing magnetic flux through the weld and obtaining a picture 
of the leakage flux by sifting iron filings on to a piece of paper placed 
on the weld. These pictures are called magnetographs or magnetic 
spectra. An excellent description of the method appeared in the Feb- 
ruary issue of The Welding Engineer.’ 


The magnetographic method has been employed experimentally by the 
Research Laboratories of our company for nearly two years, during 
which several minor variations and improvements have developed, as 
described in this paper. 


The electro-magnet used for getting a flux through the welded structure 
is preferably placed on the under-side of the welded plate, bridging the 
weld, and very fine particles of iron are sifted upon a piece of paper 
laid on the weld as shown in Fig. 1. Cracks, blow-holes, poor fusion, 
or similar faults offer higher reluctance (magnetic resistance) to the 
flux, and are indicated by a dense collection of fine particles of iron 
directly over the fault. 


Electro-Magnet Details 


The cores of our electro-magnets for weld testing are now built of 
a stack of strips of silicon-steel sheets, bent into a semi-circular or horse- 
shoe shape and bolted together only at the middle, leaving the ends of the 
strips loose and flexible. This construction allows the magnet poles to 
conform snugly to the surface of a welded plate which is not straight, 
thus greatly reducing the air-gap reluctance between the magnet and 
plate, thereby decreasing the number of ampere-turns required and allow- 
ing use of smaller coils. 


Two or four coils are used on each magnet, the coils being d.c. motor 
field coils, usually, wound for 55 volts per coil. This arrangement is very 
convenient, as these coils can be connected in parallel for operation from 
an arc-welding generator, or two coils in series for the common 110 
to 125 volt d.c. mains, or four coils in series for 220 to 250 volt d.c. 
mains. Desirable auxiliaries are a rheostat, a field discharge resistor, 
and a small switch on the magnet arranged so that a man can operate 
the switch with one finger while he supports the magnet in his hands to 
put it on or take it off of a weld. 


*Paper to be ss at Fall Meeting of the A. W. S., Chicago, September, 1930. 


tResearch Laboratories, Westinghouse Elec. & Mfg. Co. 
‘Magnetic Testing of Welds. The Welding Engineer, February, 1930. Pages 31-35. 
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Iron Powder Instead of Filings 


We use a very fine iron powder, reduced by hydrogen, principally be 
cause it is easily available from chemical supply houses, and is easily dis 
tributed uniformly by sifting it from a sort of pepper shaker having very 
small holes. It is quite satisfactory, but not necessarily better than good 
iron filings. 


Magnetographs on Blueprint or Van Dyke Paper 


If a magnetograph is to be permanently recorded, a piece of blueprint 
or Van Dyke paper is used on the weld, and as soon as the magnetograph 
is formed by the iron powder or filings, a print is made by holding a 
small portable therapeutic arc-lamp over it, as shown in Fig. 1. If possible, 








Fie. 1—MEgtTHOD OF MAKING AND RECORDING MAGNETOGRAPHS. ELecrro-MaGNetT Hav 
ING FLEXIBLE LAMINATED CORE, AND PORTABLE Arc LAMP FOR EXPOSING PRINT 
PAPER 


the magnet is turned off before the print is made, so that the strings 
of iron filings fall flat against the paper and print more sharply. |i 
the paper is not in a horizontal position and the magnet has to be left 
on to hold the filings in place, the arc-lamp should be held in a fixed 
position while making the print. The paper should be held down }b) 
strips of brass, or otherwise, to prevent curling while printing. 


If a single print is sufficient and a negative impression is satisfacto! 
blueprint paper serves very well, and requires only about thirty seco! 
exposure at about 10 in. from the portable arc-light described later 


However, much better results are obtained by making the origi! 
magnetograph on Van Dyke paper (thin brown-print paper) which ¢: 
then be used the same as a photograph negative, to make as many posit! 
prints as desired. The Van’ Dyke paper requires about three tin 
as much exposure as the biueprint paper. Both are slow enough 
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that they will not be fogged by ordinary indoor illumination in the 
minute or two required to sift the iron powder on to the paper. 


Both 
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can be finished satisfactorily by merely washing thoroughly in clean 
water. 


Portable Arc Lamp for Making Magnetograph Negatives 


A very simple arc lamp, shown in Fig. 1, uses quarter-inch Eveready 
Super-Tan or Stackpole therapeutic are carbons, the radiation from 
which is rich in ultra-violet rays. The lamp has twin arcs, in series, the 
upper two carbons being electrically connected to each other, and the 
lower carbons to the respective lamp terminals. The lamp is operated in 
series with a resistor of about 5 ohms, on a 110 volt a.c. supply, and 
draws about 10 amperes. The upper two carbon holders are mounted 
on stiff hinges, which facilitate starting and adjusting the arcs. 

















Fic. 3—FRACTURES OF POOR WELDS oF FiG. 2 


Photographic Prints from Van Dyke Negatives 


The best permanent prints from the brown paper negatives are made 
on a very “hard” or “outline special” photographic paper. They are 
printed in a regular photographic printing machine with an exposure of 
five seconds or less, and show a surprising amount of detail not easily 
seen on the negative. 


Blueprint positives can also be made from Van Dyke negatives, but 
are not so satisfactory as the black and white prints. 


Diagnosis of Welds from Magnetographs 


Fig. 2 shows the results of a study of the appearance of certain 
faults as revealed by magnetographs. Six poor butt-weld specimens 
%-in. x 5 in. x 9 in. were made, each having a certain type of tault 
as tabulated in Table 1. Each of these specimens was then milled in 
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two, making two % in. x 2% in. x 9 in. specimens presumably alike, 
one of which, bearing an odd number, had the weld surface ground 
flush with the surface of the plate, while the other, bearing an even 
number, was left as welded. For comparison, four good weld specimens 
were included, each from a different piece. These four good welds were 


DRILL & REAM I” HOLE 





























\— 375" 


——— 9° ———_- 
WELDED TENSE TEST PIECE 
Fic. 4 


all ground flush, because magnetographs made on the rough surface as 
welded are not sensitive to minor faults. The specifications for the 
welding are given in Table I. 





TABLE I 


SPECIFICATIONS FOR WELDING TEST SPECIMENS 
All V Welds, with 30° Machined Bevel, except Numbers 11 and 12) 
Specimen 
Number Welding Specifications 
1&2 Long arc, but normal current. 
3&4 Pieces of 3/16-inch welding wire inserted to fill in. 
5&6 Blow-holes in weld. 
7&8 Oxide and slag inclusions. 
9&10 Incomplete fusion. Current too low. 
11&12 No bevel. Weld both sides. Insufficient penetration. 
\2,B2,C2&D2 Good welds, each from different specimen. 





The specimens were made from hot-rolled open-hearth steel bars, 
and welded with bare electrode. 


(he specifications regarding composition of the materials used are 
given in Table II. 
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TABLE II 
SPECIFICATIONS OF MATERIALS 

Steel Bars Welding Wire 
0.08 to 0.18% 0.12 to 0.18% 
Manganese Maximum 0.55% 0.40 to 0.55% 
Phosphorus Maximum 0.05% Maximum 0.05% 
Sulphur Maximum 0.06% Maximum 0.05% 
Silicon Maximum 0.08% 
After the non-destructive testing experiments were completed, the 
poor weld specimens were broken in a tensile testing machine without 

further machining. Fig. 3 shows the fractures of these pieces. 





rr 








Fic. 5—LABORATORY TEST Metruop, Ustnac WeLp Test Meter No. 1 


The good weld specimens were machined to tensile test pieces designed 
to insure breaking at the weld, as shown in Fig. 4. 


Four ténsile test pieces like Fig. 4 were also made without any weld, 
to compare the tensile strength of the parent metal alone. They were 
stamped A, B, C, and D, being from the same bars as the good weld 
specimens A2, B2, C2 and D2 respectively. 


In calculating the tensile strength in pounds per square inch, the pieces 
tested as welded (slightly reinforced) were considered as % in. thick; 
while the specimens ground flush and the machined test pieces were al- 
culated on the basis of careful measurements of the actual sectional «rea 
at the weld. The tensile test results on the various specimens are giver 
in Tables III, IV, and V. 
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(Conclusions Regarding Magnetographic Inspection 


From the experiments reported above and many others, we believe 
that magnetographic inspection is a valuable means of discovering 


6 
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FLUX DENSITY IN KILOGAUSSES 


WELD Test Meter Ratio vs. FLux DENSITY. 


For Test SPECIMPNS DESCRIBED 
IN TABLE I 
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TABLE III 
TENSILE TEST RESULTS ON PooR WELD SPECIMENS 
(Odd numbers ground flush; even numbers as welded) 


Thick- Yield Area, Lbs.perSq.In._ Effi- 

Speci- Width, ness, Point, Ult., Sq. Yield ciency, 

men In. In. Lbs. Lbs. In. Point Ult. PerCent 
15/32 15/32 387,000 40,000 ‘ 31,900 34,500 68. 
3/8 1/2 32,500 : 27, 54. 
13/32 15/32 37,300 ‘ 65. 

7/16 1/2 26,000 

7/16 y 28,400 

1/2 20, 21,000 

1/2 38,050 

1/2 34,900 

15/32 35,300 

1/2 26,800 

15/32 34,300 

2 7/16 1/2 37,800 


23,000 26,000 
17,400 17,800 
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Fig. 7—DIMENSIONS USED IN THEORETICAL DISCUSSION AND FORMULA 


serious faults, particularly poor fusion, wherever application of the 
method is feasible. 


Magnetographs of the bottom of a V weld are the most sensitive of any 
that are ever practicable under usual shop conditions, because poor fusion 
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is most likely to be at the bottom of the V, and little or no reinforcement 
ig there to interfere with the results. 


Magnetographs made on a rough surface, as welded, are not sensitive 
enough to reveal anything less than a very serious fault. 
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WELD. 


For 
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TABLE IV 


Tensile Test Results on Good Weld Specimens, Machined as Shown in Fig. 4 

Yield Modulus of Ultimate Elongation Efficiency, 

Specimen Pe, @. 8. 1. Elasticity p. s. i. in 1 In. Per Cent 
A2 39,900 28,600,000 57,400* 24.6% 113.2 
B2 42,400 29,000,000 57,200 17.1% 112.8 
C2 41,600 30,400,000 58,800 11.1% 116.0 
D2 41,600 29,300,000 57,500 13.4% 113.4 
Average 41,375 29,325,000 57,725 16.55% 113.8 


*Specimen A2 broke outside of weld. Other three broke near edge of weld, through 
both parent and weld metals. 


TABLE V 


Tensile Test Results on Unwelded Parent Metal, Machined as Shown in Fig. 4 
Area, Yield Point, Ultimate 
Specimen Sq. In. p. 8. i. Strength, p. s. i. 
A 0.438 30,100 50,800 
B 0.435 31,000 50,800 
C 0.437 31,000 50,800 
D 0.438 30,500 50,200 
Average 0.437 30,675 50,650* 


*This value was used as 100 per cent in figuring “efficiencies” in Tables III and IV 








Fic. 9—THIRD DIMENSION MAGNETOGRAPH SHOWING LEAKAGE FLUX 

DisToRTION. CAUSED BY MAGNET HAVING RiGip CORE AND A CROOKED 

Test Prece, MAKING “UNEQUAL AIR GAPS AT MAGNET POLES. LARGER 
Air GAP AT THE RIGHT 


They are not very satisfactory except where they can be made 21 4 
horizontal position, and where there is no disturbance by wind; although 
very serious faults can be found in any position if sufficient flux density 
is used. 
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Il. WELD TESTING BY MEASUREMENT OF MAGNETIC POTEN- 
TIALS. THEORY OF THE METHOD 


The principle underlying any magnetic weld test method is the fact 
that faults in welds increase their reluctance, or magnetic resistance. 


Normal good weld metal deposited by the metallic arc welding process 
has higher reluctivity than hot-rolled mild steel plate, sometimes as much 
as four or five times as high at low flux density. However, with increasing 
flux density this ratio decreases, and at very high flux densities the good 
weld metal may have a reluctivity nearly equal, or even less than, that of 
the plate. On the other hand, poor welds do not decrease their relative 
reluctance so much with increasing flux density, and very bad welds 


Fic. 10—SpLit Cor, FoR MAGNETIZING WELDED STRUCTURES. STRUCTURE 
Must Form a CLOSED MAGNETIC CIRCUIT. THIRTY TURNS OF EXTRA- 
FLEXIBLE CABLE ARE APPLIED SIMULTANEOUSLY 


show an increase in relative reluctance, with increasing flux. At low- 
flux densities, up to about eight or ten kilogausses, there does not seem 
to be much difference in the reluctance of a good weld and a poor one, but 


at flux densities of twelve kilogausses or more the difference is quite 
erceptible. 


Therefore, if we pass a magnetic-flux through a welded seam, in the 
ne manner as for making magnetographs, but measure the magnetic- 
otential drop across the weld and also for the same distance in the 
arent metal, we have a weld test somewhat more quantitative than the 
lagnetographic method. The method employed for laboratory tests is 

wn in Fig. 5. The same flux goes through the weld and the adjacent 
arent metal, hence the magnetic potential drop between any two points 
roportional to the reluctance between those two points, and therefore 
n indication of the quality of the weld. 
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Fig. 6 shows the variation of ratio of weld potential reading to ad- 
jacent parent metal reading in the case of the previously described five 
poor V welds ground flush, and the two good welds showing the greatest 
difference magnetically. Observe that above 13 kilogausses the poor 
welds read considerably higher than the good welds. 


The above data are for the % in. by 2 3/8 in. test pieces. The 
ratio of weld reading to plate reading, taken with any given instrument, 
will vary with the thickness of the plate and type of joint. 


For a theoretical consideration, refer to Fig. 7 representing welds 
which, for purposes of this discussion, are assumed to be ground flush, 
and to be homogeneous and perfectly fused to the parent metal. 














Fic. 11—WeELp Test Meter No. 1. 
SIMPLIFIED KOEPSEL PERMEAMETER 
TYPE 


Let d= width of narrowest part of weld. 
a = angle of bevel. 
t = thickness of plate. 
WwW = average width of welded seam. 
For V welds w=d+t tan a 


For double V welds w—=d+ “%t tana 
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Let R= reluctivity of weld metal (under given conditions). 
r= reluctivity of parent metal (under same conditions). 
D = distance spanned by instrument reading magnetic potential. 
W = reading of magnetic potential over distance D, including weld. 
P = reading of magnetic potential over distance D, on adjacent 
plate. 


Then the ratio of the weld reading W to the plate reading P is approxi- 


mately : 
W w/R 
—— = oe ont ane = 
P oi, D (; 7 ) 


Assuming the bevel, a, to be 30 degrees, and the narrowest width d to 
be one-quarter inch: 


For V welds, w = 0.25 + 0.5774 t 
For double V welds, w 0.25 + 0.2887 t 
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Fic. 12—WELD Test METER No. 2. Fig. 13—WeELD Test Meter No. 2 


FRONT VIEW. PoLp Pieces ARE REAR VIEW. SHOWING BATTERY 
HINGED FOR ADJUSTING THE SPAN RHEOSTAT KNOB, AND DIAL FOR 
ADJUSTABLE POLE PIECES 


For an instrument which reads the magnetic-potential between posts 
two inches apart, (D= 2 in.) the family of curves shown in Fig. 8 
gives the approximate theoretical effect of different thicknesses of plate. 
for single V and double V welds, for reluctivity ratios (R-—r) of 1.5, 
2, 3, 4, 5, and 6. These curves give an idea of what to expect, but are 
necessarily only rough approximations, since in practice there are many 
variables which could not all be considered in the theoretical curves. For 
example, no consideration is given to the greater density of flux at 
the bottom of a single V, or at the middle of a double V weld, or to the 
effect of the fusion zones, or of the varying amount of reinforcement, or 
ol the annealing effect of each layer on the previous layers. Therefore, it 








62 JOURNAL OF THE A. W. S. [September 


is necessary to make calibration curves for the instrument used, by 
means of a good specimen of the same material and type of weld as the 
welds to be tested. 


Means of Producing Magnetic Flux 


In practice, the necessary flux is usually produced most easily by means 
of a large electro-magnet having a flexible laminated core, as described 
in the first part of this paper, but having a somewhat greater span. The 
flexible core is even more desirable in this application, to prevent distor- 
tion of the leakage flux. Fig. 9 shows the distortion of flux caused by a 
rigid-core electro-magnet applied to a crooked specimen, making unequal 
air-gaps between the specimen and magnet, which cause unequal parent- 
metal readings on opposite sides of the welded seam. This Fig. 9 is 
a third dimension magnetograph, made on the edge of a test specimen 
by placing the magnet on its side and laying the Van Dyke paper on th 
edge of the specimen. 














Fic. 14—MAGNETIC VANE TYPE OF WELD TEST 
METERS. MADE BY SIMPLE ALTERATIONS ON TYPE 
BT AMMETERS 


In addition to reducing the required ampere-turns and permitting 
smaller coils, the laminated construction also facilitates the use of th 
magnet and the magnetic potential instrument on the same side of | 
plate, when necessary. 


A wide core is desirable, so that the magnet will not have to be moved 
so frequently in testing a long welded seam. 


When the welded structure is a ring, or forms a closed magnetic-cir: 
in itself, it may be entirely magnetized by winding it with several turn: 
of welding cable, which is then connected to an arc-welding generator. 
Extra-flexible welding cables, in lengths of about 40 feet, are used in thi 
method. Each length of cable is handled on a small spool or reel, and is 
equipped with knuckle-joint connectors, by which any end can be quick! 
and easily attached to any other end. The joints are easily insulated 
slipping a piece of garden hose over the connectors. 


If many tests of this type are to be made on structures of similar s/ze, 
it may be worth while to construct split coils such as shown in Fig. | 
Each turn of cable has a plug and receptacle, so arranged that all of them 
can be pulled together or pushed apart simultaneously by hand screws i 
the ends of the terminal boards. Probably smaller and lighter units than 
the one shown would be more convenient, as this one is cumbersome 
requires two men to handle it. 
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Instruments for Magnetic Testing of Welds 


The method of testing welds by reading magnetic potentials was 
developed by I. F. Kinnard.* Mr. Kinnard read the magnetic potentials 
across the weld and for a similar span on the adjacent parent metal by 
means of two air-cored exploring coils, located in spaces between three 
soft iron posts placed in line on the welded plate. This method required 
the use of a delicate galvanometer unsuited to shop work, and readings 
had to be taken of the swing of the galvanometer when the magnetizing 
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current was interrupted or reversed. This device resembles the means 
of reading magnetic potential employed by Frank P. Fahy in his simplex 
permeameter.’ 


The so-called Rogowski magnetic potentiometer‘ may also be used for 
weld testing. It consists of a non-magnetic core of uniform cross-section, 
usually flexible, wound uniformly along its entire length with magnet 
wire. When connected to a suitable galvanometer, such as a Grassot 
flux meter, it reads the magnetic potential between its ends, the magnetic 
flux being interrupted or reversed to take a reading. For weld-testing 
applications, where accuracy as a magnetic potentiometer is not required, 
much greater sensitivity may be had by substituting a semi-circular soft 
iron core, with non-magnetic spacers on the ends of the core. 


The inconvenience of the above devices and methods led the writer to 


_ Method and Apparatus for Testing Welds. U. S. Patent No. 1,440,470. I. F. 
K ird, assignor. to Westinghouse Elec. & Mfg. Co. 


ermeameter. U. S. Patent No. 1,511,595. Frank P. Fahy. 
lagnetic Potentiometer. U. S. Patent No. 1,204,489. W. Rogowski. 
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develop a direct reading instrument of more rugged construction. Fig. 
11 shows the first weld test meter constructed, which is a simplified form 
of the old Koepsel potentiometer. It is made from a small d.c. voltmeter 
of the common d’Arsonval type, by removing the permanent magnet, sub- 
stituting the legs or posts of non-residual steel, and placing a small flash- 
light battery and switch in the case, by means of which a constant current 
can be passed through the moving coil. The instrument now gives a 
reading proportional to the leakage flux diverted through its magnetic 
circuit, which is approximately proportional to the magnetic potential 
across the feet of the iron posts. Fig. 5 shows the method of taking a 
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Fic. 16—MAGNETOGRAPHS OF VARIOUS DeGREES OF Fusion. For % X 2-IN. PIECES 
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weld reading, as employed in securing most of the experimenta data here 
reported. The reading taken across the weld is compared with the 
reading on the adjacent parent metal. At the flux densities used, the 
previous magnetic history of the steel makes no appreciable difference 
If any doubt exists on this point, simply reverse the flux direction 
before reading. 


The special dial shown on the weld test meter permits a direct reading 
of the ratio of weld reading to parent-metal reading, since at any usable 
flux density the parent reading will be 1.0 on some scale on the dial, and 
therefore the weld reading, on the same scale, is the ratio of wd 
reading to parent-metal reading. 
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Figs. 12 and 13 are front and rear views of a similar type of weld 
test meter, in which the pole pieces or feet are hinged, to be adjusted 
to the width of the top of the weld. A rheostat is connected in the battery 
circuit to adjust the sensitivity of the instrument over a wide range. 
This type of meter can be used the same as the first one, or it can be 
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placed on the parent metal and adjusted by the rheostat till it reads 1.0, : 


then bridged across the weld and the reading will be the ratio. The 
reading on the rheostat dial is a measure of the flux density at which the 
test is made. 


On both of the above instruments copper shoes about 0.020 in. thick 
are provided on the feet to minimize variations in readings which might 
be caused by varying thickness of mill scale, or rough spots, on the plate 
surface. 


It is quite possible to make magnetic-vane types of weld test meters, 
requiring no battery, as is proved by the two crude models shown in Fig 
14, which are built from the very simple Westinghouse type BT an- 
meters. The model shown on the right is particularly adapted to finding 
lines of poor fusion along the edges of welds. It is made by simply 
grinding off part of the iron loop with which the BT meters are normally 
equipped. However, the permanent magnet in such meters can be easily 
ruined if the meter is placed in too strong a magnetic fie!d. 


Calibration of Weld Test Meters 


Since the relationships between magnetic properties and strength of 
steels are very complicated and are unknown, no magnetic test can give 
any reliable clue as to strength, except by calibration on specimens of the 
same material as is to be tested magnetically. It is almost infallible, 
although not absolutely so, that any faults in welds increase their reluc- 
tance. This fact is demonstrated in Fig. 15, in which the weld test meter 
ratios at a given magnetizing force are plotted against per cent efficienc) 
of weld, for ten weld test pieces made as specified in Table VI. Fig. 16 
shows magnetographs of the tops and bottoms of these pieces. 


TABLE VI 


Specifications of 3/4” x 2” Weld Specimens. V Butt Welds. 30° Bevel on On¢ 
Side of Weld; No Bevel on Other Side 


Estimated Actua! 
Piece Welding . Information Per Cent Per Cent 
No. Amperes from Welder Fusion Efficien: 
1 150 Adhesion; no penetration 0 3.8‘ 
2 150 Long arc 10% 10.2° 
3 150 One-half layer good 20% 35.3 ° 
4 160 One layer good 30% 41.1° 
5 180 Two layers good 40% 58.2' 
6 150 Two layers good 50% 64.4° 
7 150 Two unfused zones 60% 70.7° 
8 150 Four good layers 90-100 % 95.0° 
9 160 Four good layers 80-90 % 67.0: 
10 140 Four good layers 80-90% 59.6: 


*Actual per cent efficiency is based on parent metal tensile strength of 50,650 
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In Fig. 15 observe that the difference in magnetic readings of welds 
from about 70 per cent to 100 per cent efficiency is rather slight and un- 
certain, but that for poorer welds the difference becomes very conspicuous. 

Magnetic and tensile test results are reasonably consistent, with the 
exception of Specimens 9 and 10, for which all predictions indicated 


' better quality than was actually found in the tensile test. As the pieces 


were broken as welded, the straightness of the piece and the character 
of the reinforcement affect the tensile test results considerably, so that 
no precision could be expected. 


Fig. 17 shows calibration curves for Weld Test Meter No. 1, made on 
Specimens 8, 9, 7 and 6, which the welder had estimated to rate 90-100 
per cent, 80-90 per cent, 60 per cent and 50 per cent, respectively. These 
curves show the variation in ratio for different flux densities, the adjacent 
parent metal readings being approximately proportional to the applied 
magnetizing force. (The weld test meter may also be calibrated to 
measure flux density in a given kind of parent metal, but such calibration 
is not required for weld testing.) The different slope of the curve for 
Specimen No. 9 is the only magnetic indication of its inferiority. Greater 
reinforcement decreases the reluctance of the weld, of course, but in these 
specimens the reinforcements were as nearly equal as possible. 


A group of more than a hundred V weld test pieces was tested by the 
weld test meter and then broken in the tensile testing machine. Each 
of these pieces was the best effort of a different welder. (All welders 
are required to submit a test piece periodically.) The pieces came from 
all departments of the plant using are welding, and varied widely in 
amount of reinforcement, straightness and quality of workmanship, 
although the worst of the group was a 60 per cent weld and only 19 were 
poorer than 75 per cent in the tensile tests. Probably there were also 
differences in the composition of the bars and welding wires used, which 
may have made considerable differences in magnetic properties. There- 
fore, it was not surprising that when the magnetic tests were plotted 
against the tensile tests the points were rather badly scattered and did 
not definitely determine a curve, although the general shape of a curve 
like Fig. 15 was indicated. However, when the specimens were grouped 
by departments in which they were made, and each group considered 
separately, the results were much more consistent. 


Effect of Residual Stresses on Magnetic Tests 


Residual stresses affect the magnetic readings to a degree not yet fully 
ascertained. Indications are that tension has very little effect, but that 


compression tends to produce a lower ratio of reluctance of weld to parent 
metal.* 


Conclusions 


Weld testing by measurement of magnetic potentials is more quantita- 
tive and more nearly free from personal judgment than the magneto- 
graphic or other methods of inspection. 


_* The effects of internal strains in magnetic materials are discussed by Mr. Thomas 
Spooner of the Westinghouse Research Laboratories, in his book on “Properties and 
Test of Magnetic Materials.” ° 


perties and Testing of Magnetic Materials—Spooner. McGraw-Hill Book Co. 
nternal Strains.” Pp. 374-5, 1st edition. 


See 
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Magnetic-weld test meters are small, rugged and usable in any position, 
and the results are easily and quickly interpreted by reference to calibra- 
tion curves. 


The method appears to be at least as practicable and reliable as any 
other non-destructive weld test method known, but precise predictions 
of strength are not to be expected, especially for welds of 75 per cent 
efficiency and better. 


There are, of course, a number of undesirable features. It is rather 
difficult to get sufficient flux through structures of large sectional area, 
as cumbersome magnetizing means must be employed. 


The instrument must be calibrated for the materials and type of weld 
to be tested, using a good weld as a standard, and drawing a curve of its 
weld readings vs. parent-metal readings at various flux densities. 


No general definite relationship between strength and magnetic prop- 
erties of steel is known, and slight differences in composition or heat 
treatment may alter the magnetic-properties greatly, without appreciable 
effect on the strength. 


Residual! stresses may distort the magnetic test results to an extent 
not definitely determinable. 


The application of magnetic testing to other than butt welds does not 
give much promise of success, although very little work has been done 
on such applications. 


Although little practical shop testing experience has been acquired, the 
laboratory investigations indicate that magnetic test methods at least 
detect any serious faults in welds, and give a more nearly accurate 
measure of weld quality than other known methods practicable for sho; 
use, without requiring elaborate or delicate equipment or any hgh 
degree of skill and training. 
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Building Up Battered Ends of Rails” 
. W. H. KIRKBRIDEt+ 


ATTERED rail ends have increased in the past years to such an 
extent that the subject is a topic of discussion among railroad main- 
tenance engineers insofar as track maintenance is concerned. 


Battered joints are caused by a combination of various factors such as 
increased tonnage and heavier power, variation in carbon content of 
rails, and difference in elevation of the top of adjacent rail ends. Joints 
which do not have sufficient gap to permit rail expansion, show the top 
edge of the ball is either upset or is chipped off, when the rail becomes 
tight. These chips and upsetting of the top surface usually start the end 
to batter. Regardless of the weight of the rail it is practically the same 
hardness on the surface. We have increased the weight of the rail to 
meet the requirements for heavier traffic and power but nothing has 
been provided to stop the flow of metal on the top surface of the rail, 
which occurs under the present heavy loads. The largest percentage of 
new laid rails show some difference in elevation of the top surface, from 
0.016 inches to the limits of variations permitted in our rail specifications 
of 0.047 of an inch between an extreme low and high rail, causing the 
metal to flow from the high rail on to the low rail resulting in a chip 
which quickly develops into a battered joint. 


The effects of the battering of rail in tracks especially those carrying 
high speed traffic are numerous and vary in their magnitude depending 
upon numerous factors. 


In general these effects combine to result in increased maintenance cost 
due to the following: rough riding track and the necessity for larger ex- 
penditures for labor in surfacing and lining, increased wear on joint 
bars and rail at the fishing angles with consequent increased replacements, 
greater mechanical wear on joint ties and decreased life of tie, decreased 
life of rail in high speed tracks account of poor riding conditions of the 
rail, 

The relative effect of these various items on maintenance costs varies 
with the traffic and other conditions which makes it difficult to predict. 


The mechanical wear on joint ties under battered joints in some cases 
was noted to have reached an extent where 75 per cent of the average 
ti 


tie life had been destroyed. On a track where treated ties are used, this 
item represents a considerable loss. 


Prior to the reconditioning of rail ends in track, one of the principal 
causes for removal of rail from high speed tracks, was the battered condi- 
Hons of the ends which prevented the maintenance of the track in a safe 
condition for the required speed. 


r to be presented at Fall Meeting of the A. W. S., Chicago, September, 1930 
eer of Maintenance of Way and Structures, Southern Pacific Co. 
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While definite conclusions cannot be reached as to an average increased 
cost due to battered rail ends, it is considered that in the maintenance of 
high speed tracks this cost amounts to a considerable item. 


The above facts caused considerable concern with the Maintenance 
Engineers of the Southern Pacific Company. Realizing the seriousness 
of the battered joint condition which was developing at such an alarm- 
ing rapidity, they immediately gave their utmost attention to employing 
a method to remedy the situation. There were two methods, cropping 
the rail, or welding the battered ends up by the welding process. Most 
all railroads at that time were familiar with the cropping of battered rai 
ends and this method proved satisfactory when rails did not batter » 
rapidly and the rail was permitted to remain in main line track unti 
it had carried its full tonnage, then removed and relayed on branch 


Fie. 1—BvuILDING Up Ratt ENps By OXY-ACETYLENE WELDING 


lines. However, conditions have changed and it would not be very 
economical to remove rail, of relatively short life in main line, crop it 
and relay it. The cropped rail when laid would also have the « 
vantages of difference in elevation of the rail ends and would have 24 
more joints per track mile to maintain. 


The welding of battered joints in track under operation was started 
on the Southern Pacific Lines in 1913 and proved to be far more ec: 
cal under the prevailing conditions than cropping the rail ends. 
work continued with various experiments, and in 1918 and 1919 
tracts were made to build up rail ends in main line tracks by 
Acetylene Process. ° 


This contract work was expensive and after an investigation 
decided to handle the welding with Company forces, using Oxy-Ac: 
method. Gangs were organized and welders trained to build | 
ends by this method. By 1920, welding gangs were in operation «n si 
of the Divisions. This organization was expanded so as to cover al 
Divisions and the organization continued to operate until 1928. 
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While the Oxy-Acetylene method repaired battered rail ends and 
lengthened the life of the rail in track, it was not an entirely satisfactory 
method, 


This process necessitated the heating of the rail end and joint bars, 
resulting in bent bars. The metal deposited upon the rail contained 
less carbon than the rail, due to the oxidization of the carbon. Con- 


sequently the weld was softer than the rail and frequently battered more 
rapidly. 














2—- VARIABLE VOLTAGE GENERATORS ; First MOUNTED ON FLANGED WHEELS 
IN 1926 


The actual welding required an experienced welder who could properly 
apply the weld without burning the metal. It was necessary to train men 
to fill these requirements and some work of very little value was per- 

‘med during the training of the first welders. 


Experiments were begun in 1923 on the Pacific Lines in the building 
p of rail ends by means of the Electric Arc. A small portable outfit 

constructed and a considerable amount was performed such as build- 
y up of manganese frogs, track crossings and rail ends in yards. These 


experiments were so successful that a second machine was constructed in 
the Company’s shop. 


‘he first work of this machine in building up rail ends in main line 
tracks was performed in 1925. At this time adequate grinders had not 
t developed and the joint gaps were cut out with a hack saw and 
beveled with a file. These joints consequently did not have the finished 
appearance which is now obtained, however, these particular welds were 


hever rewelded and permitted the 90 Ib. rail to remain, in track until 
April, 1930. 


successful results obtained from these first two machines in 
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main line welding, resulted in the building of two machines which 
were suitably designed for main line work. The electric welding organi- 
zation was increased by substituting this method and the electric machine 
in the welding gangs, supplanting the Oxy-Acetylene method. 


The Oxy-Acetylene equipment continued in use, but was restricted 
to yards and to scattered jobs. The increase in the use of welded 
signal bonds now necessitated this equipment in the signal gangs. 











Fic. 3—-WELDER AT WORK 


The development of the Electric Are method has eliminated practically 
all of the troubles encountered in the Oxy-Acetylene method. The rail 
and joint bars are not heated and a long experience is not required 
in order to train welders. 


Direct current is used for welding with high carbon welding rods, 
which deposits material with a similar carbon content as the original 
rail. Rail ends built-up with this process have held up under heav) 
traffic as well as new rail. 

At present the Pacific Lines have 21 Electric Arc Machines in opera- 
tion and while the later built equipment is more efficiently designed than 
the first machines, they are all giving excellent service. 


The following instructions govern the building up of rail ends by the 
Oxy-Acetylene and Arc Process on the Southern Pacific Lines. 


1. Rail in primary main tracks will be conditioned by building up the 


rail ends with the direct current electric arc process. The oxy-acety! 
process may be used for small scattered jobs including repairs of f: 
and turnout material in yards, etc., however, the Arc Process will be 
even on scattered jobs whenever it is more economical. For the re} 
of manganese material only the Arc Process will be used. 


2. Battered rail in other tracks will be conditioned in a similar man! 
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The extent of welding on such tracks will be limited depending upon the 
amount and character of the traffic over such tracks. 


3. Batter: 


Rail batter is the distance in 64ths, or in thousandths of an inch, be- 
tween the bottom of a straight edge 24 in. long, applied along the center 
line of the worn surface on the top of the rail (with one end coinciding 
with the end of the rail) and the top of the rail measured at a point 

» in, from the end of the rail. 


4. Welders will measure the batter of the rail end, and welding will be 
limited to joints where the rail ends show on one side or the other of the 
joint, a batter of 3/64 (0.047) in., or more; or where excessive chipping 
has occurred. 


Fic. 4—NARROW GRINDING WHEEL USED TO BEVEL THE RAIL ENps AFTER 
WELDING, TAKING THE PLACE OF FILES WHICH WERE PREVIOUSLY USED 


The build up of batter should not be resorted to until a batter of at least 
3/64 in. is found to exist. 


5. Where receiving ends of rails are cupped and the surface upset, the 
cupped surface will be built up when its depth under the straight edge 
is 3/64 (0.047) in. or more. The upset portion of the rail surface will be 
ground off. 


6. Where rail ends are not battered to an extent requiring welding 
but where measurement shows a difference in the height of the rail of 


3/64 (0.047) in. or more, the high rail will be ground down to the height 
of the low rail. 


7. In the territory covered by the Electric Welding Machines, all metal 
fins at the joints will be ground out, regardless of whether joint is welded 
or not and the rail ends beveled. 


8. The results obtained through the building up of rail ends depends 
not only upon proper welding, but also upon proper track maintenance. 
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Track forces will handle the following maintenance work directly jn 
advance of the welding. 


(a) Close up excess expansion at the joints and apply or adjust rail anti- 
creepers. 


(b) Apply new angle bars if necessary, with standard heat treated bolts. 
Where angle bars are only slightly worn, remove and reverse bars. Apply 
oil to the fishing angles of all angle bars and rail and tighten all bolts. 


(c) Renew joint ties if necessary. 


(d) Remove unclean ballast at the joints and replace with clean ballast from 
adjacent section of the roadbed. 


(e) Tamp up ties and surface and line track. 


(f) Previous to welding, all joints must be ground out with portable electric 
grinder, grinding away all possible laminated metal, oxidized metal and 
other corrosions which result in improper fusion of the parent metal and 
rod. 

In addition to the main line welding, several of the machines, especially 
those in Oakland, have been used extensively in the work of elimination 
of rail joints in paved track by seam welding of the joints and in the 
repairs of frogs and track crossings. 


Two different types of Arc Welding Machines are being used on 
Southern Pacific Lines; the variable voltage arc welding generator 
and the constant potential welding generator. Each one has its ad- 
vantages and is used where best adapted. All the welding generators 
used in the Maintenance of Way Department are gas engine driven. 
The first seven sets purchased were the variable voltage type, 60,20 
volts—self regulated. These machines were 200 and 250 amperes ¢a- 
pacity, each unit was equipped with 220 volt D. C. auxiliary generators 
of 3 kw. capacity used for operating the electric track grinder. The first 
of these seven machines was mounted on a trailer and has been in con- 
stant operation for over seven years. However, the gas engine was re- 
newed two years ago but we expect to obtain several more years’ service 
from the machine before discarding it. The next two generators pur- 
chased were mounted on tractors, both are in excellent condition and 
are performing very satisfactory work in yards. The other four variable 
voltage generators and gas engines were mounted on steel frames with 
flanged wheels for main line work building up battered joints, these units 
would cover only 1000 ft. of track at one move or setting up or 500 ft. 
each side of the machine, 4/0 rubber covered cable was required to carr) 
the current. Cable smaller than 4/0 would not carry sufficient current 
to maintain the proper arc for satisfactory welding due to voltage drop. 


We were very well satisfied with the operation of this equipment on 
main line track up to 1927, when we conceived the idea that the consiant 
potential generator was preferable for the building up of battered rail 
ends on main line, and we designed a machine to suit our requirements 
which was built in San Francisco by well known manufacturers of 
trical equipment. A total of eleven double operator and two sinzie 
operator machines has been built to date by the manufacturer fo! 


Southern Pacific Company. 
The double operator units consist of a 75 hp. 6 cylinder gas en 
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driving two 60-volt, 275-ampere direct current constant potential gen- 
erators, coupled in tandem with flexible couplings, each generator being 
insulated from the other and the frame. This insulation is necessary to 
avoid interference with block signals and welders are permitted to work 
on either rail regardless of which rail the opposite welder is working on. 


The engine, two generators and resistance grids are mounted on steel 
frame with flanged wheels and small roller wheels for removing from 
track. The over-all dimension is 12 ft. long and machine weighs 5500 lb. 
and is moved as easily as the smaller machine. The average time required 
for moving 3000 ft. is 15 min. Other advantages of the constant potential 
generator machine over the variable voltage machine are: it will cover 
2000 ft. more track at one moving with much smaller cable, each welder 








Fic. 5—TracK GRINDER DEVELOPED IN THE FIELD BY WELDING FORCES TO 
TAKE THE PLACE OF SMALL HAND GRINDER 


and grinder operates from the same ground or return cable. This return 
cable is 4/0 round copper bare cable 1500 ft. in length, the volt drop of 
the cable when working 1500 ft. from the generator is 17.5 volts, 
assuming the current is 225 amperes, the opposite cable is rubber covered 
flexible cable consisting of 500 ft. of 2/0 and 1000 ft. of number one. The 
combined volt drop of this line when working is 36.5 volts, making a 
total drop of 54 volts. 


The generator is slightly compound and the governor is designed to 
speed up the engine enough to obtain the necessary voltage to properly 
weld, or 75 volts at the generator. Each generator is supplied with 
stationary cast iron grids for resistance, these grids are used as the 
welder gradually works closer to the machine. Another advantage is the 
track grinder operates from the welding generator. 


‘he motors on the track grinders are specially wound for 50 volts 
and about 30 amps. Using the same 4/0 return cable that the welder 


1 
A 


| we have a drop of 2.2 volts; assuming the welder is not welding 
the other grinder line consists of 500 ft. of No. 2 rubber covered cable 
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and 1000 ft. of No. 4 rubber covered cable a combined drop of 10 volts 
and a total drop on both lines of about 12 volts. 


When the welder is not welding the voltage is 60 or 65 volts at the 
generator and the instant he strikes the arc the generator builds up 
to 75 or 80 volts which compensates for the drop in the 4/0 cable. With 
this arrangement an even voltage is obtained at the track grinder motor 
and very little trouble has been experienced with the motors. 


Shortly after the constant potential type were started operating and 
proved much more satisfactory for rail welding on main line, the variable 


‘14. 6—CrOsSING BUILT BY ELECTRIC WELDERS IN THE FIELD 


voltage machines were mounted on 1'-ton trucks for use around ter- 
minals and city streets. This class of equipment has proved itself so 
valuable in various kinds of other than track work, such as tank welding 
and making other repairs coming under the supervision of the Main- 
tenance of Way Department that another additional 300 amps. variable 
voltage gas engine set mounted on a 144-ton truck was recently purchased. 


In 1925 when the electric welding of battered joints was started on 
main line the only means of grinding the surface of the rail after the 
weld was applied was a hand grinder. This method involved far too 
much time and, in view of the fact, that no track grinders suitable for 
operation on high speed steam lines were available, it was necessary to 
design and build one for our necessities. This was done in the ‘ield 
shortly after starting with our second machine in 1925. It was a 2 hp. 
motor clamped in a carriage mounted on a frame constructed of common 
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pipe with all joints welded, having flanged wheels. We have made 
a few improvements such as using seamless tubing, instead of pipe, which 
lessen the weight and have installed roller bearing flanged wheels in place 
of the common guide wheels. However, it is practically the same as the 
first one built. It performs excellent work and only weighs about 200 Ib., 
including motor. 


We have done considerable experimenting and testing by actual ser- 
vce under traffic load with various welding rods. For gas welding of 
carbon rail ends we specify a nickel rod, however, we are obtaining very 
good results from high carbon rod and are arranging to revise our speci- 
fications from nickel to high carbon rod for oxy-acetylene welding. For 
electric-arec welding of rail ends we use nothing but high carbon coated 
rods. Our specification for this rod is 0.90 to 1.10 carbon and about 
0.60 manganese. From past experience we find the results from high 
carbon rod much superior than any other rod with lower contents of 
carbon and substituting alloys. Much better fusion of metal is obtained 
from rod meeting our specifications, due to the fact that the metal 
deposited from high carbon rod and the parent metal of the rail are 
almost identical. For manganese casting we specify rod containing 12 
to 14 per cent manganese and coated. 


Inspections have indicated that the battered joint properly welded by 
the electric-arc process and using 0.90 to 1.10 carbon coated welding 
rods, do not batter as rapidly as the original rail, due to the higher carbon 
contents of the rod. 


In building up of rail ends either by the oxy-acetylene or the electric- 
are process, the costs include all labor and material, tools, grinding wheels, 
etc., used in the welding, also all the cost for repairs and repair parts. 

The total number of joints built up by the oxy-acetylene process up 


to January, 1930, was 669,511 joints, at an average cost of $1.21 per 
joint. 


The number of joints built up by the electric-arc process up to July 1, 
1930, was 541,369 joints, at an average of 66c. per joint, which in- 
cludes interest and depreciation of equipment. 


The personnel of our Maintenance of Way welding organization con- 
sist of, one system supervisor. Each double operator gang consists of, 
one lead welder whose duties are similar to a foreman, 2 welders, 2 grinder 
operators and 3 helpers. The single operator gangs consist of 1 welder, 
| grinder and two helpers. 


We have found that the plan of arc welding battered rail ends on the 
Pacific Lines of Southern Pacific has brought about a much smoother 
riding track, economies in the expenditure of labor for track maintenance 
and the conservation of material used in the track structure. 


The results have been so manifest that the management of our com- 
pany has granted authority to purchase the additional machinery that will 
fully equip us for keeping up with the development of all batter in track 
before objectionable conditions exist. 










































Resistance Welding of Steel Joists * 
By FRANK BURTONt 


E are all familiar with the old fashioned smith’s weld made by 

heating two pieces of low carbon iron to about 2150 deg. Fahr. and 
joining them by pressure from hammer blows. When such welds were 
properly made and all slag and iron oxide were removed from between the 
two pieces of metal they were very reliable. Usually, however, this was 
not the case. Often welds were made at too low a temperature and there 
was insufficient heat and pressure to exude impurities trapped between 
the welding surfaces. Also since control of carbon content was unknown 
it frequently happened that the iron “burned” while being heated and 
was found to be seriously weakened as a consequence if it did not actually 
crumble under the hammer. We know now that the “burning” of iron 
(or rather steel) is due to the growth of large crystals followed by the 
formation of an oxide film between the grains which is a characteristic 
of steels having carbon contents of between 0.4 and 0.8 per cent when 
heated to about 2500 deg. Fahr. In consequence of these difficulties 
smith’s welds especially when made with other than very pure iron wert 
always looked upon with suspicion. 


Since the development of modern welding methods a great deal of 
work has been done upon electrical resistance welds which appear in many 
ways to be identical with smith’s welds and since very little literature ha 
been published upon the subject many engineers are inclined to attach 
to these welds the same suspicions they hold for smith’s welds. 


A careful study of the subject, however, reveals several importan 
differences between the two methods and indicates that resistance weld 


made with proper machines are extremely reliable and of uniform 
strength. 


The subject has been treated so inadequately in all the literature which 
the speaker has been able to find that you must pardon him for approach- 
ing the matter in a rather elementary manner. 


It has long been known that passing a large electric current through 
two pieces of iron in contact will cause the junction to heat. If pressure 
is applied, the surfaces may join, forming a weld. This is simple enouzh 
but we must now determine the necessary and sufficient conditions to 
produce a sound and reliable weld. 


Experience shows that if the metals are held loosely the rough sv: 
faces, covered with a layer of scale, will be heated very unevenly. Me‘a! 
will be fused and even volatilized, also the surface will oxidize and lit‘): 
or no pure solid metal will be found at the junction. If on the ot! 
hand the pressure between the faces of the metal is too great the me 
will be badly distorted and often greatly weakened. In welding t 
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sheets of metal the electrodes may be forced into the soft hot iron, render- 
ing the sheet very thin at the point where the weld is formed. Although 
the weld may be sound, the area of metal around the weld will be insuffi- 
cient to develop the strength of the weld. 


If the current density is low the entire mass of metal between the 
electrodes will be slowly and quite uniformly heated. This is wasteful 
of current and if the carbon content is high there will be considerable 
growth of grain and possibly burning. Also the metal will be excessively 
distorted by the pressure necessary to produce a good weld. Too high 
a current density will result in undesirable and excessive temperatures 
and may cause burning. 


It does not appear, however, that we can place any exact limits upon the 
pressures and current densities desirable for this purpose at this time 
because of the wide variation in practice in various shops all of which 


are producing good welds. We may, however, say in a general way that there 


should be from 200 to 300 kilowatts of current available for each square 
inch of surface to be welded and that the pressure should be between 8000 
and 10,000 Ib. per sq. in. of weld. With these two conditions established 
the remaining factor, time, may be varied to obtain satisfactory welds. 
The time will usually be found to be between 1/5 second and 1% seconds. 


A single phase alternating current is used and it is transformed from 
the line voltage to from 5 to 14 volts on open circuit. When the circuit 
is closed about one-half of the total energy is dissipated in iron and 


copper losses in the transformer. ‘The resulting secondary current is 
from 20,000 to 40,000 amperes per square inch of welding area. The 
heat rise is very rapid but by no means uniform. 


From a study of some typical examples of welds made in steel joists it 
appears that the resistance of the cold steel between the electrodes is far 
from sufficient to hold back the current flow. If the surfaces to be 
welded were in perfect contact the secondary coil of the transformer 
would be effectively short-circuited and almost all of the energy would 
be consumed in iron and copper losses with excessive current flow in 
the primary. As a matter of fact the steel always has a slight coating 
of rust which offers a relatively high resistance. A heavy coating of 
rust will prevent the flow of current and there will be no weld. A coat- 
ing of about one to two thousands of an inch thick will furnish just 
about the resistance necessary to permit the desired current to flow 
and will develop 80 or more per cent of the total heat in the rust film 
during the first few hundredths of a second. This results in melting the 
iron oxide to a liquid which is forced out from between the surface to be 
welded, partly by the mechanical pressure and partly by the magnetic 
field of the secondary circuit. By this time the metal of the point of 
contact has attained a high temperature which results in a resistance 
about 10 times that of cold iron.. The heat produced is proportional to 
the product of the square of the current times the resistance, consequently 
the very hot metal at the contact rises in temperatures much more rapidly 
than the cold metal further from the junction. The metal at the point 

contact becomes plastic or even fused by the time the metal % of an 

h away has attained a red heat. 
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together with a pressure of about 2000 lb. per sq. in. and this is quickly 
raised to from 8000 to 10,000 lb. per sq. in. after the current is applied. 
The result is a perfect fusion of metal at the junction which is free from 
slag or oxide (also from nitrides) without any appreciable distortion of 
the metal more than about 1/16 of an inch from the junction. Within 
the space of about 1/16 in. or less from the junction the metal will have 
flowed quite freely forming a perfect joint with a little excess of metal 
extruded around the edges. 


The machines used for resistance welding are so variable in character 
that no detailed description is possible. For any given piece of work a 
machine must be designed to suit the especial needs. The general fea- 
ture common to all these machines is a heavy single phase transformer 
so wired that the secondary potential can be varied from about 5 to 14 
volts by adjustments to the primary circuit. The transformer must be 
built into the welding machine as the secondary leads must have areas 
of from 10 to 20 sq. in. of copper. Pressure is applied by means of a 
suitable cam geared to the current controlling mechanism and an adjust- 
able rotating circuit breaker is provided on the primary circuit. 


The making and breaking at frequent intervals of such large current 
circuits as are required in this work places a very heavy burden upon the 
generating station. If a station of large capacity is available the 
inequalities in current demand can be absorbed but if a small generator 
is to be used it must be provided with an ample fly wheel. Even with 
current from a large power station it is necessary to provide ample 
capacity across the lines to absorb the line surge. 


The shape of the pieces to be welded is of great importance. The weld- 
ing of thin sheets is possible by using a blunt pointed copper electrode 
forced against the sheets with sufficient pressure to insure contact 
opposite to the electrode but there is always a certain indentation into the 
sheet that reduces the strength of the sheet around the weld. Often this 
becomes considerably less than the strength of the weld and such welds 
when tested are found to fail by tearing away from one of the sheets, 
leaving a solid button of metal attached to the other sheet. 


The plain butt weld is the ideal resistance weld. The bars to be welded 
are tightly gripped in copper electrodes near the ends to be welded and 
pressed together. The current is then applied and the bars made to 
approach each other about 1/16 in. for bars of % and 1 sq. in. in area 
and lesser distances for smaller bars. Considerably lower current densi- 
ties may be used in this work but at a sacrifice of time. The weld is 
practically perfect with only a slight bur at the joint. The strength of 
such welds in tension is 93 or more per cent of the strength of the 
original bar. 


In making open web steel joists the parts to be joined are the chord 
section and the web member. Two different types of joist are now in pro- 
duction using this welding process. 


In one case (Fig. 1) the chord section is a blunt T shaped section 
having a width at the base of the T of % of aninch. The web is a round 


Just before the current is applied the pieces to be welded are forced 
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bar bent over a pin of % in. radius. The web bars vary from 7/16 in. 
to *% in. in size. The joist is assembled with the web in a horizontal 
plane and the current is applied to the chord section by a large flat 
copper electrode. The web member is forced against the base of the 
T by means of a copper electrode shaped to fit the inner curve of the 
web member. Pressure is applied by means of a cam. By bringing a 
doubly curved surface against a flat surface the original contact area 
is very small and the line of flow of current is very definitely fixed. 
Fusion occurs quickly at the junction and the advance of the web mem- 
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FIGURE 2 


ber results in a flattening of the web bar at point of contact. All slag 
and oxide are forced outward and the resulting weld is invariably sound. 
The area of the weld is from 1% to 134 times the area of the web bar. 


In the other type of joist (Fig. 2) the top chord consists of two small 
angles ¥g to 3/16 in. thick with legs of 14% to 2 in. The web bars are 
‘16 in. to 11/16 in. round bent around a pin of about % in. radius. 
The joist is assembled with the web in a horizontal plane and current 
and pressure are applied with flat copper electrode to the two angles, 
the web member being placed between the angles. 


The area of contact’ would be so large that transformers of very large 
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capacity would be required if all of the web were exposed to the angles 
and the resulting weld would be unnecessarily large. To avoid this the 
web member is placed in a press and all parts of the web coming 
between the angles are flattened about % in. except for two lugs about 
1% in. long near the center of gravity of the angles. These lugs are per- 
mitted to project to their original height thereby concentrating the current 
on two singly curved surfaces about 4% in. long. The resultant weld is a 
pair of disks of almost the exact diameter of the web member. The 
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FIGURE 3 
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FIGURE F 


control of current flow is not so exact as in the first case but the welds 
are considerably larger since there are in all four welds at each joint 
having a combined area of four times the cross-section area of the bar. 


In this operation four welds are made at once, there being two welds 
in series on each of two parallel circuits. It might be thought that the 
welds would be unequal in size but this does not appear to be so, Fach 
pair of welds in series receives the same amount of current and the 
two parallel circuits appear to distribute the current equally. This | 
doubt due to the rapid increase of resistance of iron with rising ‘ 
peratures which automatically reduces the current flow through e!') 
path that receives more than its share of current since the tempera! re 
and consequently the resistance will rise rapidly ii the favored cir: 
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It is essential, however, that the composition of the two pairs of angles 
should be quite similar and that the coating of rust should be even and 
uniform to insure satisfactory results. 


It is difficult to determine accurately the strength of the weld metal 
in welds of steel joists for the reason that these joints are designed to 
resist shearing stresses and are usually so large in proportion to the 
bars connected that the connected members pass their elastic limit long 
before the weld fails. The weld then acts as a notched section and no 
accurate analysis of the stresses is possible. Accurate information may, 
however, be derived from a study of butt welds. 














Standard tensile test pieces were cut from a %-in. bar of steel contain- 
ing 0.15 per cent C. The first specimen shows the properties of the 
original bar, the second and third contain welds in the center of the 
reduced portion, which was ground to %4-in. dia. after butt welding. 


Elongation Reduction 
No Yield Point Ultimate 2 In. of Area 


1 Unwelded 36,9904 /D” 59,190#/0” 35% 42% 
2 Welded 37,760 58,930 30% 20% 
Welded 38,010 58,680 35% 42% 


Both samples failed outside of weld but sample 2 shows the effect of 
heating the bar adjacent to the weld. These results are typical for well- 
made butt welds in low carbon steel. They indicate that the strength 
of the weld is substantially the same as that of the original metal but that 
the properties of the metal are somewhat affected by the heat of the weld. 


Some tests have been made upon joints of steel joists of the type first 
described above (see Fig. 3). The flanges of the chord section were 
cut away to permit gripping in test machine and tension was applied 
to one of the diagonals. The weld is an ellipse and when tested in this 
manner is subject to both tension and shear. The web bar having been 
ben around a 14-in. pin is slightly curved adjacent to the weld, with the 
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result that the center of the tensile stress is eccentric with regard to the 
weld. By calculating this eccentricity and determining the area and amount 
of inertia of the elliptical weld it is possible to determine the maximum 
fiber stress in the weld area due to direct tension and bending. The sum 
obtained by adding the unit stress due to the tensile component and the 
maximum fiber stress resulting from bending is given as maximum tensile 
stress. Each result is the average of four separate tests. 
Average Max. Ten- Unit Unit 


Chord Web Load Area of sile Stress Shear Tension 
Section Bar at Failure of Weld in Weld in Weld’ in Web Bar 
400 7/16 Rd. 7,1604 .2600)” 64,200 18,450 47,600 
401 1/2 8,770 .298 65,600 14,700 44,750 
401 9/16 11,645 343 73,200 17,000 47,200 
403 5/8 13,440 .392 70,500 17,200 43,900 
404 3/4 16,210 515 64,200 15,700 36,700 


These results cannot be taken as strictly accurate, as there is consid- 
erable uncertainty as to the exact areas and eccentricities, but they un- 
doubtedly approach the truth closely and indicate that the weld metal is 
sound, low carbon (about 0.18) steel of normal properties. 


All attempts to test the second type of joist weld by applying’ tension 
to the web members results in failure of the webs. By placing the two 
chord angles flat on a slotted die resting on the bed of a testing machine 
and applying pressure by means of a steel punch cut to fit into the curve 
of the web member it has been possible to punch out these welds (See 
Fig. 4). The stress produced in this test is nearly a true shear but is, 
of course, complicated by friction and distortion of metal. The following 
are the averages of 5 tests in each case. 

Approxi- Ultimate Shearing 

Size of mate Area Value of Weld, 
Chord Angles Web Bar Load of 4 Welds Pounds per Sa. In. 


2 x1%x3/16 5/8” 43,9114 1.20” 36,600 
1% x1%x3/16 5/8 49,546 1.2 41,300 
2 xl% x 3/16 3/4 59,396 1.76 33,700 
1%x1%4x1/8 1/2 37,752 8 47,200 
1% x1% x3/16 1/2 44,355 ‘ 55,400 
1% x1%x1/8 5/8 40,360 1.2 33,600 


In the last test the area of the metal in the angles around the welds is 
only 0.98 sq. in., or less than the area of the welds. Based upon this 
area the unit stress was 41,000 lb. per sq. in. The area of these welds is 
rather uncertain and consequently the results are quite variable. Failure 
occurred in each case by shearing of the two welds on one side of the 
web member. Naturally the two welds which were smaller would fail in 
each case, giving results corresponding to an area somewhat less than the 
average. We have very little data as to what value we should expect as 
an ultimate shearing value but tortion tests of low carbon stee! give 
values of about 46,000 Ib. sq. in., which check reasonably with the 
values above considering the great uncertainty of the actual weld area 
The photographs Figure 5 are of two test pieces of the second sect i 
above table. 


The. procedure in making resistance welds, excepting those in thin 
sheets, is about as follows: The parts to be welded are so designed that 
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the current flow will be at right angles to the electrodes, permitting pres- 
sure to be applied to the electrodes during heating. The area of metal in 
contact with electrodes must be large and the area of metal between 
electrodes and point where weld is to be formed must be larger than 
area of weld. The area of the original contact point of the two members 
to be welded must be quite small to concentrate the current and localize 
the initial heating. The increase of resistance in the hot metal will 
insure the continued localization of heat when once started. 


Knowing the character of the weld desired, the necessary pressure is 
estimated from previous experience. The primary of the transformer 
is now adjusted to give from 200 to 250 kw. per sq. in. of weld and the 
time adjustment arbitrarily set at about one second. One or more test 
welds are made and broken open with a sledge hammer. If there is 
insufficient fusion of metal, the time must be increased; but if this results 
in undue distortion of the members, the time must be reduced and the 
current increased. A number of trials must be made, varying first one 
and then another of the three variables until satisfactory welds are 
obtained. The transformer setting, pressure and time are then recorded 
as suitable for that particular weld and these adjustments will hold good 
as long as there is no material variation of the steel used and the con- 
dition of the surface of the metal is fairly constant. 


It is neither necessary nor desirable that the surface of the metal 
should be perfectly clean. Sheets of steel which have been freed from 
all rust by pickling in acids cannot be welded by this process. A slight 
coating of rust or other foreign matter appears to be essential to the 
process as it causes a pronounced localizing of heat at the point of 
contact. The metal must not be badly rusted or scaled but should have a 


thin, uniform coating of rust such as is normally present on commercial 
hs ute 
bar stock. 


With an automatic machine having all variables determined, the personal 
error is entirely removed and all welds made by such a process should 
be uniform, provided the condition of the surfaces are uniform. Expe- 
rience proves that this is the case to a much greater degree than in any 
other type of welding. 


As to the effect of chemical composition, if we consider only open 
hearth carbon steels we may, for the present, dismiss consideration of 
sulphur, phosphorous and silicon because they are all present only in 
small quantities and the amount present is fairly uniform. It is quite 
possible that further studies may prove that sulphur is an objectionab'e 
impurity, but it is quite certain that very good welds can be made with 
steel containing 0.05 to 0.06 per cent sulphur, and it is scarcely necessary 

consider steels with higher sulphur contents. 


lhe carbon content of most steel used in this process is about 0.18 
per cent and until recently it was considered unsafe to attempt resistance 
welds with steel having over 0.25 per cent carbon. This opinion is 
no doubt due to the difficulties encountered in making smith welds 
I high carbon steels. Recent tests indicate, however, that sound and 
reliable butt welds may be made in steels up to 0.65 per cent carbon 
and that such welds will develop a strength equal to the strength 
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of the original bar. Up to a content of 0.45 the test piece showed 
a good ductility with most of the failures outside of weld but above 
0.50 carbon there is a tendency for the bar to break in the weld 
with only slight elongation, but at a load equal to that required to 
break an unwelded test piece. There is evidence of a slight hardening 
of the metal near the weld but no indication of “burning.” This may 
seem rather remarkable considering experience with smith’s welds but 
the explanation is quite simple. When a fairly high carbon steel is heated 
above 2400 deg. Fahr., the grain size increases rapidly and there is a 
tendency on the part of the metal between the grains to oxidize, causing 
the large grains to separate and resulting in a loose granular “burned” 
metal. Of course it is not necessary to heat to 2400 deg. Fahr. to weld but 
it is difficult to control temperatures in a forge and the metal must be 
somewhat overheated in order that it will remain at or above the welding 
temperature while the weld is being forged. In a properly made resistance 
weld there should be no burning, first because the metal is under pressure 
and is consequently being worked as soon as it passes about 2100 to 
2200 deg. Fahr., where it becomes plastic. Grain growth does not take 
place in metal being worked. Second, there is no occasion for overheating 
since the pressure is applied before the metal is heated and the metal 
flows increasing the weld area and decreasing the heating effect as soon 
as it reaches the beginning of the plastic range. Dangerous burning 
will take place in resistance welding if pressure is not applied before the 
current is turned on or if the current is left on after the metal has 
yielded sufficiently to release the applied pressure. It is true that in 


flash welding the current is turned on before the two pieces of metal 
to be welded are in contact. In this process,’ however, rather lower 
current densities are used and great care must be taken not to permit 
the arc to run for more than an extremely brief period before the two 
metals are brought in contact. Unless the greatest skill is used in this 
process burns are quite common. 


The quantity of manganese present in steel undoubtedly has a con- 
siderable influence on the character of the weld, but at the present time 
there is insufficient data to justify any definite statements. It appears 
that manganese content of 0.40 to 0.60 is satisfactory for steel carbon 
content 0.15 to 0.25 and that this amount of manganese is preferable 
to smaller amounts. For the present it would seem advisable to concen- 
trate attention on maintaining the manganese as constant as possible. 


Not many studies have been made as to the metallographic properties 
of the metal in resistance welds. There appears to be no reason to fear 
that the character of the metal will not be satisfactory, since it has been 
found as a result of analysis that there is no chemical change whatever 
in the weld metal. Analysis of the weld metal checks exactly with the 
metal of the pieces from which it is made. Speaking particularly of 
steel joists, we know that the hot rolled bar stock, if finished at a tem- 
perature not much above the critical range, will be a fairly fine grained 
sorbite. In making a resistance weld the metal at the junction and for 4 
little distance each side will have been heated past the critical raze 
very quickly and cooled fairly quickly. The heating will tend to re’ ne 
the grain, but the time of heating is not sufficient to permit comp. ‘¢ 
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absorption of the cementite present in the sorbite, so that the original 
structure will not be entirely destroyed. If the pieces to be welded are 
so designed that there is a very large mass of cold metal adjacent to the 
weld it might be that some martensite or more probably some troostite 
might be left in the weld, but all commercial welds that the speaker has 
seen remain at a good, red heat for ten to twenty seconds after the weld 
is complete, which should be sufficient to destroy all martensite and 
probably all troostite in low carbon steel free from important quantities 
of manganese and nickel. We should expect therefore to find the weld 
metal to be a fine grained sorbite in low carbon (under 0.45) steels and 
in steels of higher carbon content we might reasonably expect to find a 
small amount of poorly developed troostite at the center of the weld. The 
behavior of the welds in high carbon bars (over 0.50), which were men- 
tioned previously, is in accordance with these conjectures, since brittle- 
ness is evident in the welds when the carbon content passes 0.50 per 
cent. 


In some published microphotographs of resistance welds it was observed 
that the microstructure of the weld differed very little from the remainder 
of the metal but the structure appeared much darker. The author attributed 
this to a higher carbon content, which is quite impossible since there is 
no source from which the extra carbon could be obtained. The carbon con- 
tent and method of etching were not given but the speaker’s interpretation 
of the darker structure is that it was due to a small amount of troostite, 
which always etches to a darker color than sorbite. The presence of 
troostite is in accordance with expectations and explains the greater 
hardness of weld metal over the original stock but it is quite possible that 
the structure of the troostite is too poorly developed to recognize. 


In closing it is pertinent to call your attention to the fact that resist- 
ance welding is rapidly becoming of prime importance as a method of shop 
fabrication. Large current sources and expensive machinery are neces- 
sary for successful operation, making it impossible for the individual 
experimenter to study this method in the same way that arc and gas 
welding have been studied. In the shops of large organizations it is, 
however, proving a most reliable and economical method of welding which 
is destined, in the speaker’s opinion, to eventually take rank as the weld- 
ing method of first importance in shop work. 


The Possibility and Further Development of 
Railway Welding* 


G. W. LIEBERt 


ft HROUGHOUT the many years of human existence there has been 
a constant advancement in the development of economical practices 
applied to that present day method of operation. History relates to 
reat extent the advancement and progress during every age, but not 
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in any detail of the various methods applied to further the advancement 
of economical practices. From generation to generation we became 
better educated to the necessity of bringing to the attention of the public 
difficult problems confronted, and the possibilities offered in devising ways 
and means of overcoming these obstacles that prevented further advance- 
ment of economical operations. As the human element became more 
practical, especially in the mechanical field with the aid of a better edu- 
cation, new methods and practices were developed that today we stand 
foremost in the development of practical and economical methods of car- 
rying on the operation of our various industries. 


Throughout the past century there has been a steady increase in the 
operations of American railroads, brought about by the constant study 
of men, who well understood the problem confronted in working out a 
network of railroad systems to care for the constant increasing demand 
and the rapid development of this vast area. The establishment of a 
railroad system was somewhat a problem in itself, a greater problem 
confronted the railroad builders, after the net work of systems had 
been planned, consisting of the transporting of freight and passenger 
traffic. This brought far more study than the laying out of a system 
of rails from the fact that the roadbed at that time was of such con- 
struction that it required the mind of a genius to develop a locomotive 
and car that would follow the roadbed with a degree of safety and rapid- 
ity. To this end wonderful improvements were made in new designs, 
new devices to our rolling stock, together with improvements through 
engineering study in development of roadbeds. With the addition of 
new devices and improvements to our locomotives and cars, they naturally 
increased the cost of maintenance, likewise increasing capital invest- 
ments, which no doubt was balanced by increase in revenue. The rapid 
development of improved devices, for more economical operations, espe- 
cially in the past 25 years, has been so great that the increase of revenue 
on many railroads was not sufficient to offset the difference. Therefore 
the addition of new developments, increase in maintenance cost, coupled 
with increased wages, has brought about the establishment of a new 
department of the railroads, materially assisting in the reduction of 
operating cost through the conservation and reclamation of discarded 
material. 


This department has advanced rapidly especially in the past ten years. 
Prior to that time, and even up to a few years ago, little attention was 
given this department by railroad officials. In recent years, however, the 
development has been so rapid, and credit to operating expense so great, 
that railroad officials have personally interested themselves in the further 
advancement and development of this department, to such an extent that 
a committee composed of officials of this department, representing the 
American railroads is today one of the outstanding committees of the 
American Railway Association. The activities of this committee have 
developed many excellent processes and methods of operation that have 
resulted in the saving of millions of dollars to our railroads. No other 
method or practice that I can recall has been more instrumental in the 
development of this new department, or offers more possibilities to its 
further advancement than Fusion Welding. 
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About fifteen years ago a method of fusion welding was introduced 
to the railroads, at that time a great deal of interest was manifested 
through this new practice and many operations undertaken without a 
thorough study of the method involved or results to be obtained, and 
many operations were attempted, some producing excellent results, both 
in structure and service, while on the other hand the more difficult and 
important articles failed in service, resulting in the process being con- 
demned as far as these and similar articles were concerned. This action 
brought about considerable study, as it did not seem reasonable that an 
article could be reconditioned by one process and not by another fusion 
welding method, when the two processes were similar in practice, and 
where it was possible to complete the work in much shorter period of time 
by one method and apparently with equally as good results. 


Many railroad officials realize today their haste in accepting fusion 
welding without giving due consideration to the effect to which the article 
would be subjected, or the possibility of failure, which was due prin- 
cipally to inexperience and lack of knowledge on the part of the operator. 
This in itself has caused the failure of many articles, but has resulted 
in more serious study being given the process to pursue, necessity of 
constant and efficient inspection, supervision, recording of results, service 
obtained, cost of the operation, and numerous other phases of the entire 
procedure which are essential and beneficial to the further advancement 
of fusion welding in so far as the railroads are concerned. While during 
the advent of fusion welding on our railroads, some serious experi- 
ences were encountered. These, however, have brought about more seri- 
ous thought in connection with the process, and I do not hesitate 
to state that the experiences of the past will revert to greater develop- 
ment in the very near future. Experiments that are now being conducted 
by the railroads, and tests that have and are being made warrant this 
assertion, and I am frank to state that within the next two years we 
will see wonderful developments from fusion welding on our railroads. 


Many of us are perhaps not aware of the possibilities of fusion welding 
in connection with railroad work. This industry offers a tremendous 
field for such operations, and many operations have been developed and 
tested, which will, no doubt, be approved and accepted by the American 
Railway Association, who are ever eager to further the advancement 
of any approved method or process that will reduce the cost of main- 
tenance and operation. 


The producers of fusion welding apparatus are developing daily further 
possibilities of this process, likewise the railroad officials are devoting 
much time and study to further advancement in the railroad field. With 
the personnel of these two great industries being interested in the same 
process the possibilities of fusion welding on our railroads is beyond 
comprehension. 


Fatigue and Impact Tests for Welds* 
Cuas. H. JENNINGSt+ 


INTRODUCTION 


NGINEERING materials and structures are subjected to two general 
classes of stresses, namely, static stresses and dynamic stresses. 
The dynamic stresses can be subdivided into repeated stresses and impact 
stresses. A third type of dynamic stress known as repeated impact 
stress is also common but this case is closely related to the more simple 
case of repeated stress.’ 


In the early stages of development welding was confined to statical y 
stressed structures and the desired information on design strength could 
be obtained from static tensile and bend tests. However, as welding 
became applied to dynamically stressed structures,’ the information ob- 
tained from simple static tests was not sufficient because materials behave 
differently under different stress conditions. Therefore, in order t 
properly design welded connections subject to dynamic stresses, it becam: 
necessary to make dynamic tests on welds such as fatigue and impact 
tests. 


It is the purpose of this paper, therefore, to discuss the need of fatigue 
tests and the problems encountered in making them, and to present infor 
mation that has been obtained by the writer on the impact strength of ar: 
welds. 


FATIGUE TESTS FOR BUTT WELDS 
a. Small Beam Specimens 


The first type of welded joint to be extensively investigated under the 


action of repeated stress was the butt weld because of its simplicity and 
adaptability to fatigue tests. Numerous investigators have contribute 
to this work but the technique and procedure of testing have varie 
widely’ **° As a result, the results obtained have also varied widely. 


The fatigue tests made by the company with which the writer | 
connected have been confined to arc welds, and the results were determi! 
by testing a set of specimens and obtaining a complete stress cy! 


curve. Also in an effort to obtain a satisfactory test specimen, tests were 
made on specimens of various sizes. The theory underlying the use 0! 


different size specimens is based on the fact that the porosity of th 
welds causes points of high stress concentration, and that the effect 


*Paper to be presented at Fall Meeting of the A. a S., September, 1930. 

tResearch Laboratories, Westinghouse Elec. & Mfg. Co. 

The Fatigue of Metals, by Moore and Kommers, p. 9. 

hg Welded “+ — Dynamic Stress, by M. Stone and J. G. R 
Journal A.I.E.E., March, 1930, 

® Arc Welding. by Hulse Pothamantal Principles of Welding, by H. Dustin, p. 
aver aa “y of Butt Welds, by G. Lobo, Jr. ournal of American Welding Bo 

pr 

5 What Is Being Done With Welding at Watertown Arsenal, by Major J. B. ! 

Journal American Welding Society, September, 1929 
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this stress concentration depends upon the ratio of the size of the dis- 
continuity to the size of the cross-section of the specimen.° 


Early tests were made on joints of hot-rolled, low-carbon steel by using 
a beam type test specimen with an 0.3 in. critical section, as shown in 
Fig. 1. The testing machine used is shown in Fig. 2. 


The welded plates from which the specimens were prepared were made 
of low-carbon steel and were 10 in. long and % in. thick. The welds 
were made with 5/32 in. bare low-carbon electrodes, using 150 amperes 


irrent. In cutting the test pieces from them, 5% in. on either end was 
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Fic. 1—0.30 Dita. BEAM FATIGUE SPECIMEN 


cut off and discarded and the remainder was cut into 12 one-half in. 
square pieces which, in turn, were machined as per Fig. 1. The types of 
joints investigated were single and double vee with scarf angles of 0 
deg., 30 deg. and 45 deg. 


The results of these tests’ are briefly summarized in Table 1. 


TABLE 1 


FATIGUE STRENGTH OF BUTT WELDS 
(0.3 diameter beam specimens) 


Type of Weld Endurance Limit, Lb./Sq. In. 
0° 16,000 

30° single vee 21,000 

45° single vee 20,100 

30° double vee 16,200 

45° double vee 17,800 


TE: Endurance limit of parent metal is 27,000 lb./sq. in. 


The curves from which these values were determined are given in 
g. 3. 


Fi 


it will be noted from the curves in Fig. 3 that the points in some cases 


‘atigue Tests of Large Specimens, by R. E. Peterson. Trans. A.S.T.M. Vol. 29, 
II, p. 371 (1929) 


it aoeee of Butt Welds, by G. Lobo, Jr. Journal American Welding Society, 
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are badly scattered. The reason for this is primarily due to the discon- 
tinuities in the welds. 


b. Small Cantilever Specimens 


The next series of tests was made on cantilever specimens of 0.468 
diameter critical section, as shown in Fig. 4. The testing machine used 
is shown in Fig. 5. These specimens were prepared from arc welded 
low-carbon steel plates 13 in. long and 1 in. thick. The welds were made 
with 5/32 in. bare low-carbon electrodes, using 150 amperes current. 





Fic. 2—BEAM FATIGUE MACHINE 


About ¥% in. on either end of the plates was cut off and discarded and the 
remaining center portion cut into 10 one-inch square bars. The bars were 
in turn machined into cantilever specimens, as shown in Fig. 4. 


Only one type of joint was tested, using this type of specimen, and that 
was a double vee 45 deg. weld. The endurance limit obtained in this case 
was 14,400 lb./sq. in., which was much lower than the value obtained 
from the 0.3 in. diameter beam specimen. Check tests have been made 
by other investigators on this type of specimen and the results were in 
good agreement. 


The curve from which this value was obtained is given in Fig. 6. It 
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will be noted in this case that there was less scatter than was obtained 
for the beam specimens. 


c. Large Cantilever Specimens 

Subsequent to the small cantilever tests an investigation was conducted 
on 24 in. cantilever specimens. These specimens were developed at the 
Westinghouse Research Laboratories.” The 2% in. testing machine is 
shown at the right in Fig. 7, and detail sketches of the 24% in. specimen 
ond the blanks from which they were prepared are shown in Fig. 8. 
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Fic. 3—SHOWING EFFECT OF WELD DESIGN 


The specimens were prepared from rough turned blanks of low-carbon 
steel, as shown in Fig. 8a. The welds were made by using 5/32 in. bare 
low-carbon electrode, with 150 amperes current. The weld metal was 
laid in a direction parallel to the axis of the specimen. 


The endurance limit as obtained by the 2% in. specimens was 10,000 
lb./sq. in. The curve from which this value was obtained is shown in 
Fig. 6. A check test was made on the 214 in. specimens one and one-half 
years later and the results were found to be in good agreement. Some 
scatter was obtained in this test but it will be noted that a well defined 
curve was obtained. 


d. Discussion of Butt Weld Tests 


From the results obtained by the various investigations of butt welds 
made on low-carbon steel, several important conclusions are obtained. 
l. The endurance limits obtained differ for different size specimens. 


‘Fatigue Tests of Large Specimens, by R. E. Peterson. Trans. A.S.T.M., Vol. 29, 
Part II, p. 371 (1929). 
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. The type of joint (single or double vee, etc.) has a marked effect upon the 
endurance limit. 

3. The endurance limit of welds is roughly 1/3 the tensile strength of the 
welds. 

The difference in endurance limits as obtained from different size 
specimens cannot as yet be explained, but the probable reason is due 
to the effect of heating and residual stresses. There may, however, be a 
size effect. 
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Fic. 4—CANTILEVER TEST PIECE 





The low endurance limits obtained for welds do not in any way condemn 
the use of welding, because joints can be made amply safe if properly 
designed. To properly design a joint subject to dynamic stress, however, 
the endurance limit should be used as the basis for choice of working 
stress. The logic of this is readily seen, for if the allowable stress on a 
butt weld is 13,000 Ib./sq. in. the factor of safety based upon the tensile 
strength’ is about 4 to 1. However, if the factor of safety is computed 
on the basis of endurance limit, as it should be, it would only be about 
1.3 to 1. 


The fact that different specimens give different values of endurance 
limits makes it difficult to determine which type of specimen to use for 
determining endurance limits. However, on the basis of the present 
knowledge the results obtained on small cantilever specimens are prob- 
ably satisfactory for ordinary joints. The small cantilever gives fairly 
consistent results and endurance values, which are lower than those 
obtained on the 0.3 diameter beam specimens. The choice of a specimen 
which gives the lowest fatigue values is desirable because any experi- 
mental error that might be obtained is on the safe side. 


For large welds the use of the large 2% in. specimens would be pref- 
erable because from the information available large welds tend to be 
weaker in fatigue than small ones and as a result the values obtained 
on small specimens would not be satisfactory. 


Sepia OM New Kensie = 


It must be remembered, however, that the above recommendations °re 












* Using 55,000 lb./sq. in. for tensile strength. Using 14,000 Ib./sq. in. for endu: 
limit. 
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only tentative and that further investigation on this subject might 
materially change the conclusion obtained at this time. 


FATIGUE TESTS FOR FILLET WELDS 


In conjunction with the fatigue investigation on butt welds it was 
also found desirable to investigate the fatigue of fillet welds. In order 
to make such tests special large testing equipment was designed so that 
the fillet welds could be tested by means of large size rotating cantilever 
specimens.” Fig. 7 shows these machines in operation. 











Fic. 5—SMALL CANTILEVER FATIGUE MACHINE 


‘he specimens used were prepared from 2 in. diameter blanks of hot- 
‘d, low-carbon steel, as shown in Fig. 9a. The blanks were tack 
led together, while lined up in a jig consisting essentially of an angle 
‘ horizontal plane. The fillet was then completed with the specimen 
‘ved and held in a vertical position. All welds were made with bare 


Wwe 


atigue Tests of Large Specimens, by R. E. Peterson. Trans. A.S.T.M., Vol. 29, 
Il, p. 371 (1929). 





96 JOURNAL OF THE A. W. S. [September 


low-carbon electrodes, using 150 amperes current. After welding the 
specimens were finish machined, as shown in Fig. 9b. In order to insure 
smooth running the overhanging bearing ends were machined to size 
after the specimen was set up in the testing machine. 
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Fic. 6—SHOWING EFFECT OF SPECIMEN SIZE 


The results of the fillet weld investigations made to date” may be 
briefly summarized as follows: 


1. Endurance limits obtained for various fillet welds were— 


Endurance 
Limit in 
Type of Weld and Failure Lb./Saq. In. 
(1) 0.43” fillet not machined (failure at base) 18,500 
(2) 0.30” fillet not machined (failure in weld) 18,200 
(3) %” machined radius 4%” backing 18,800 
(4) %” machined radius 4” backing "19,500 
(5) 3%” machined radius 4%” backing eg We 
(6) 0.85 fillet not machined (failure at base) 17,000 
(7) 0.3 fillet machined to 45° sharp corners (failure at base) 14,700 
(8) 0.3 fillet not machined (specimen end blanks tapered before 
welding as per dotted lines as shown in Fig. 9a) (failure at 
base) 
(9) 0.33 fillet not machined 1/32” space between parts (failure at 
base) 
(10) 0.25 fillet not machined 1/32” space between parts (failure in 
weld 


2. Either of two types of failure occurs in fillet welds: failure at 
base of the fillet or failure through the fillet. 


“Fatigue of Fillet Welds, by Peterson and Jennings. Presented before At 
City Meeting of A.ST.M., 1930. 
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3. For given dimensions of welded parts there is a critical size fillet 
» for which failure occurs both ways simultaneously. 


1, For weld sizes below the critical value, failure will occur through 


= the weld metal with lower effective strength. Such failures start at the 
© inside of the fillet. 


5. For weld sizes above the limiting value, failure will occur at the 
base of the weld, the strength remaining substantially the same except 
for large welds, where a small reduction of strength may be expected. 





Fic. 7—LArRGE FaTiGue TEsTING EQUIPMENT 


6. Machining a radius at the base of the fillet does not appreciably 
affect the strength of the fillet. 


7. The effect of spacing between the welded parts is to considerably 
reduce the strength of the weld. 


Fi 


noted that all stress values given were computed by applying the flexure 


10 shows fatigue curves for several types of welds. It is to be 
formula to the 1 in, diameter section at the base of the weld, marked 
A-A, Fig. 9b, regardless of the type of fracture. The stresses computed 
in this manner are not the theoretically correct stress, because of stress 
concentration and different types of failure. As given, however, all results 
are on a strictly comparative basis. 

The greatly lowered endurance limit of welds with a space between 
welded parts is of great importance from the standpoint of design 
The reason for this reduction in strength is undoubtedly due 

to the fact that the section modulus is somewhat reduced by the 

on of the welded parts. 
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At the present time additional work is in progress by testing fillet 
welds in fatigue by using a machine of the constant deformation repeated 
bending type. Results from this work are not available at this time but 
it is the writer’s opinion that valuable information can be obtained by this 
method. 


IMPACT TESTS OF WELDS 


There has been a relatively small amount of work done on impact test 
of welds and here again the work that has been done has been conducted 
on various types of specimens. The possible reason for the small amount 
of work on this subject is the result of the inability to interpret impact 
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values in terms of design information. It is generally accepted, however 
that impact tests do show certain characteristics that static tests [4 
to do.” 


The work that has been conducted by the writer has been confined to ar 


welds and deposited are weld metal. The square Izod notched sp: ‘imen 
was chosen because it eliminated the questionable effect obtained from 
Ids 


a round weld specimen, and it made possible the investigation 0! = 
by placing the notch in three different positions with respect to the wel 


(see Fig. 11). 


#2 Applied Elasticity, by Timoshenko and Lessells, p. 418. 
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a. Arc Weldmetal Tests 


The specimens for weld metal investigation were cut from pads 
weld metal built by depositing parallel beads of weld metal upon a hot- 
rolled, low-carbon steel plate. Bare, low-carbon 3/16-in. electrodes were 
used with about 150 amperes current. 
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Fic. 11—SINGLE Notcu Izop SPECIMEN 
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Fic. 12—Turep Notcu Izop Specimen 


Two sets of specimens were tested. One set was cut from the pad 
in a direction crosswise to the direction of deposition and the other set 
was cut lengthwise with the direction of deposition. The specimen 
machined as per Fig. 12. 


The results of these tests are tabulated in Table 2. 


TABLE 2 
Average Energy 
Direction of to Fracture in Number o! 
Deposited Meta! Ft. Lb. Specimens 
Length-wise 15.0 3 
Cross-wise 10.0 3 


b. Are Weld Tests 
The specimens for testing arc welds were cut from plates 
thick, 6 in. wide and 6 in. long, which had been welded together b) 


of a 45 deg.single vee weld. The plates were low-carbon, hot-rolled s 
were welded with 5/32 in. bare, low-carbon electrodes, using 150 
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current. The welded plates were cut into % in. bars which, in turn, 


were machined into impact specimens as per Fig. 11. 


The data obtained from these tests are given in Table 3. 


TABLE 3 
Type of Average Energy to 
Specimen Fracture in Ft. Lb. 
Fig. 11 (a) 5.5 
Fig. 11 (b) 5.5 
Fig. 11 (c) 6.0 


Note: The impact strength of the parent metal is about 80.0 ft. Ib 


c. Annealed Arc Weld Tests 


Number of 
Specimens 
38 
39 
39 


The specimens for this investigation were welded with a 45 deg. single 
vee weld and were prepared in a manner similar to that mentioned above. 
The only variation was that the original welded plates were annealed 


CUT INTO BARS—— 


Fic. 13—PREPARATION OF SMALL CANTILEVER BLANKS 

at various temperatures for one hour and allowed to cool in the furnace. 

‘ine plates lettered K, L, M, N, O, P, Q, R and S were welded and each 

late was in turn machined into six impact specimens. Plates K, L and 
vere machined as per Fig. 11 (a); N, O and P were machined as per 

‘ig. 11 (b) ; and Q, R and S were machined as per Fig. 11 (c). 


pecimens of parent metal numbered V-1 to V-12, inclusive, were pre- 
d and annealed with the weld specimens in order to compare the 
its. The specimens were of the three-notch type, as shown in Fig. 12. 


ne data obtained on the annealed weld investigation are tabulated in 
es 4 and 5. 
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TABLE 4 
IMPACT VALUES OF PARENT METAL IN FT. LB.* 


Not Annealed Annealed Annealed Annealed Annealed 
Annealed 700° F. 1000° F. 1300° F. 1550° F. 1700° F. 
Spec. Ft. Lb. Spec. Ft. Lb. Spec. Ft. Lb. Spec. Ft. Lb. Spec. Ft. Lb. Spec. Ft. Lh. 

V-1 V-2 V-3 V-4 V-5 V-6 

a . a 80.0 22.0 a 

b : b 78.0 25.0 b 

ce J c 79.5 24.0 c 
V-12 V-7 , ] V-9 
a ’ a 82.5 28.5 

b b 86.5 30.5 
85.5 c e 87.5 ce 34.5 


81.5 76.0 82.0 27.4 
*Three notched specimens as per Fig. Il. 
TABLE 5 


IMPACT VALUES OF 45° SINGLE VEE WELDS IN FT. LB. 


Not Annealed Annealed Annealed Annealed Annealed 
Annealed 700° F. 1000° F. 1300° F. 1550° F. 1700° F. 
Spec. Ft. Lb. Spec. Ft. Lb. Spec. Ft. Lb. Spec. Ft. Lb. Spec. Ft. Lb. Spec. Ft. Lb. 


Specimens as per Fig. 11 (a) 
-2 3.5 K-3 40 K-4 3.0 
2 


8. 
5. 


40 L-3 7.0 L-4 11.0 
6.0 M-3 .. M-4 4.0 


4.5 65 6.0 


Specimens as per Fig. 11 (b) 
5.0 N-3 8.0 N-4 5.0 N-5 
40 0-3 75 O-4 45 O-5 
5.0 P-3 5.0 P-4 2.5 P-5 


4.7 6.8 4.0 
Specimens as per Fig. 11 (c) 
0 Q-3 y 5.5 Q-5 
0 Y 6.0 R-5 
0 §-3 é 7.0 §S-5 


7.3 . 6.1 2.3 
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d. Summary on Impact Tests 
The results of these data can be briefly summarized as follows: 


1. The impact strength of deposited weld metal depends upon the 
direction of the applied load with respect to the direction of weld metal 
deposition. 


2. The impact strength of deposited weld metal is greater than the 
impact strength of a welded joint. 


3. The impact strength of a 45 deg. single vee joint made with a bare 
low-carbon electrode is about 5.5 ft. lb., which is only about 1/15 the 
impact strength of the parent metal. 

4. Annealing temperatures up to 1550 deg. do not appreciably affec: the 
impact strength of the welds. For annealing temperatures of 1550 deg. 
and 1700 deg. Fahr., the impact strength is greatly reduced. 
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5. Similar reduced impact values are obtained for annealed parent 
metal. 


6. In most cases the location of the notch with respect to the weld 
has little effect upon the impact strength. 


The fact that welds give low impact values is probably due to the 
condition of the deposited metal which is essentially a cast material. As 
mentioned before, impact values cannot be interpreted in design informa- 
tion; therefore, the low impact values obtained for welds must not be 
interpreted to mean that the welds are unsatisfactory for structures 
subject to shock, as that is not the case. 


“The ability of welded joints to resist fatigue and shock satisfactorily 
is primarily conditioned on the use of materials suitable for welding and 
good design.”™ 


Knowing that impact test results cannot be interpreted in terms of the 
other physical properties of the material one might question the advis- 
ability of such tests. The answer to this is clearly illustrated in the tests 
on annealed specimens where a marked decrease in resistance to impact 
was obtained for specimens annealed at 1550 deg. and 1700 deg. Fahr. 
The tests definitely show a change in the properties of the material that 
would not be shown by ordinary static tensile tests. This alone might 
warrant the use of impact tests where welds are annealed at high tem- 
peratures. 


CONCLUSIONS AND RECOMMENDATIONS FOR FATIGUE AND IMPACT TESTS 
FOR WELDS 


From the above discussion on dynamic tests for welds it is evident that 
there are a number of problems to be solved before satisfactory standard 
tests are obtained. There is, however, a need for some tentative standard 
for dynamic tests, especially fatigue tests, because of the extensive use 
of welds in dynamic structures. 


The proper choice of a standard specimen is difficult because of the 
effect of the size of the welds on their endurance limit. However, on the 
basis of the present knowledge and the cost of making tests and of 
testing equipment the small cantilever specimen (Fig. 4) tends to 
show the most promise as a suitable standard for ordinary purposes. If 
large welds are under consideration, however, this small specimen may 
not give satisfactory results. No recommendation can be made at this 
time as to standardization of fatigue tests for fillet welds. 


; Th preparing butt weld fatigue specimens for investigating welded 
Joints a convenient procedure would be as follows: 


_l. Prepare two plates of dimensions 6% in. x 12 in. x 1 in. thick, as 
shown in Fig. 18, and weld these together by using the desired electrode 
and current (any type of joint desired can be used). Care should be 
taken in welding so that very little warping takes place. 


<. Cut the welded plates into eight 1-in. square bars from the center 
portion and discard the remaining ends (see Fig. 13). 


re Welding, by Hulse, p. 53. (Article on Arc Welding—Its Fundamentals and 
I mies, by J. W. Owens). 
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8. Machine the eight bars into cantilever specimens as per Fig. 4. 


4. Test the specimens at various stresses so as to obtain a complete 
endurance curve. This is done by applying decreasing values of stress on 
consecutive specimens until a stress of such a value is obtained that the 
specimen will not break after any number of cycles of repeated stress. 
For ordinary steels it has been found that the endurance curve becomes 
flat before 10,000,000 cycles of stress (see Figs. 3, 6, and 10). There- 
fore, if a specimen does not break before 10,000,000 cycles of stress, it 
can be considered to be stressed at a value equal to or below the endur- 
ance limit. 


Regarding the standardization of an impact test, it is the writer's 
opinion that on the basis of the available information no one test can 
be recommended. The information presented shows the value of impact 
tests but it is not extensive enough to warrant any recommendations. It 
would be highly desirable, however, if some systematic investigation 
could be made by using different types of specimens and from these 
results it might be possible to standardize on some type of specimen. 
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Note on the Use of Gamma Rays for 
Examining Welds* 


R. F. MEHLt, G. DOAN, AND C. S. BARRETT+ 


STUDY has recently been made’ of the possibility of using gamma 

rays from radium emanation to examine such objects as heavy 
castings and welds for internal defects. A note on the method may 
be of interest to those concerned in the extension of the welding art 


The apparatus necessary for radiography by gamma rays is extremely 
simple. In place of an X-ray apparatus, composed of a transformer, 
low and high voltage wires and an X-ray tube with cooling and contro! 
devices, the radium apparatus may consist simply of a capsule a! 
the size of a 22 caliber cartridge containing the source of rays. 
portability of such a capsule would allow it to be used in such place 
the top of a partly constructed bridge or skyscraper, the interio: 
complex steel frameworks, or even under water. It becomes possi) 
then, to radiograph welds in places inaccessible to the usual radiogra))! 
apparatus. The bulb of radium emanation is supported in front of the 


*To be presented at Fall Meeting A. W. S., Chicago, September, 1930. I 
rendered to Fundamental Research Committee, American Bureau of Welding. 

Published with the permission of the Navy Department. 

tNaval Research Laboratory, Bellevue, Anacostia, D. C. 

tLehigh University, Bethlehem, Pa. 


'*Radiography by the Use of Gamma Rays,” Mehl, Doan and Barrett 
A.8.8.T., 1930. 
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id, and a photographic film in a light tight envelope fastened behind 
the weld. At the end of a length of time determined by the amount of 
radium used, the thickness of the weld, the distance from the bulb to 
the film, and the amount of detail desired, the film is removed and de- 
veloped. Flaws in the weld show up on the film just as in the usual 
X-ray radiographs. 


Gamma rays are similar to X-rays that would be obtained from an 
X-ray tube operating at several million volts instead of one or two hun- 
dred thousand volts as in ordinary radiography. They have the power 

penetrating much greater thicknesses than X-rays, allowing radio- 
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graphs to be taken through about a foot of steel, while X-ray radiography 
is limited to thicknesses of 3% in. or less. On the one hand this high 
penetrating power causes defects to show up on the film with less con- 
trast than when X-rays are used, but on the other hand, good pictures 
of irregular thicknesses are made easier to obtain, and “halation” effects 
at the edges of the objects are almost completely absent. 


It is too early to give data on the cost of inspection by this method. 
It can be made very reasonable, however. It is not necessary to buy 
radium, for it can be rented from hospitals in various cities. Exposures 
can be made at night when the radium is not being used at the hospitals, 
reducing the rental to a minimum rate. Since the rays are emitted in 
all directions from a source, time and cost may be minimized by placing 
a large number of test objects about the source and taking a dozen or 
more photographs simultaneously. 


Inspection may be carried out without a lead lined room, yet with 
complete safety to the operators. Distance from the source is the best 
protection. This is easily provided if the object and films are arranged 
about the empty container for the radioactive material during the day, 
and the exposure made at night when no one is in the room. 


Two gamma ray radiographs of welds are reproduced here. Fig. 1, 
an are weld between two 1 in. steel plates, shows an almost continuous 
line of non-metallic inclusions and blow holes through the center of the 
weld. The weld itself is about *4 in. wide and appears lighter than the 
rest of the plate. This is due to slight building up of the weld, making 
it thicker than the plates and thus absorbing more of the radiation. 
Fig. 2, an are weld between two lapped '% in. steel plates shows lack of 
fusion to the upper plate. The weld metal is merely deposited adjacent 
to the edge of the upper plate but not welded to it. While the contrast 
in these pictures is not great, it is seen to be ample to show the various 
defects in welds. (Much detail is, of course, lost in reproduction). 


Work is being continued to determine minimum times of exposur: 
necessary for good photographs and to develop other refinements. 





Extracts Report on Strength of Welded Joints in 
Tubular Members for Aircraft * 


By H. L. WHITTEMORE+ AND W. C. BRUEGGEMANt 


I. INTRODUCTION 


HIS investigation was made by the Bureau of Standards in coopera- 

tion with the National Advisory Committee for Aeronautics for the 
Aeronautics Branch of the Department of Commerce. The object of the 
investigation is to make available to the aircraft industry authoritative 
information on the strength, weight, and cost of a number of types of 
welded joints. This information will, also, assist the Aeronautics Branch 
in its work of licensing planes by providing data from which the strength 
of a given joint may be estimated. As very little material on the strength 
of aircraft welds has been published,’ it is believed that such tests made 
by a disinterested governmental laboratory should be of considerable 
value to the aircraft industry. 


Following the program prepared from information supplied by manu- 
facturers, 40 joints were welded under procedure specifications and tested 
to determine their strengths. The weight and time required to fabricate 
were also measured for each joint. 


Il. ACKNOWLEDGMENTS 
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Co., the Air Reduction Sales Co., the Bastian-Blessing Co., and the 
Torchweld Equipment Co. for lending the torches and equipment used; 
to the Fokker Airplane Co. for assistance in obtaining a welder; to the 
Air Reduction Sales Co. for the welding supervisor; and to Dr. Lennart 
Andren, Mr. W. H. Parker, Mr. W. G. Rinehart, and Mr. Robert Patterson, 
of the Research Department of the American Chain Co., for making 
flame and weldability tests of the material. 


Ill. MATERIAL 
1. PHYSICAL PROPERTIES 


Chromium-molybdenum seamless steel tubing was used to make al! the 
test specimens. Chromium-molybdenum sheet steel of the same chemical 
analysis as the tubing was used in making reinforced joints. The tubes 
complied with United States Army Specification No. 57-180-2A and the 
sheet steel with Navy Department Specification No. 47814. Editor's 
Note: The physical properties and chemical composition are given in the 
December, 1928, issue of the Journal of the A. W. S. 


“Report published by National Advisory Committee for Aeronautics as report No. 
Paper‘ to be presented at Fall Meeting of the A. W. S., September, 1930. 
U. S. Bureau of Standards. 


See Bibliography for a list publications on this subject. 
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Welding wire conforming to American Welding Society Specificatio: 
for Gas Welding Rods G-No. 1A’ was used. 


Sizes of the tubing used for specimens is given in Table I. 





TABLE I 
Tubing Sizes 





Outside Diameter, Wall Thickness, 
Inches Inch 
% 0.028 
1 .035 
1% .049 
1% .058 
2 .065 





Typical physical properties of the material in tension and in compres 
sion are given in Table II. One tensile and one compressive specimen 
were cut from each end of each tube used. The strengths of the tubes 
were used to determine compliance with the specifications and in calculat 
ing the efficiencies of the joints. Stress-strain diagrams were made from 
extensometer runs on tensile and compressive specimens taken fron 
ten tubes. The physical properties of these specimens are given 
Table II. Some of the properties of specimens eut from opposite ends 
of the same tubes are listed for comparison. 


TABLE II—TYPICAL PHYSICAL PROPERTIES OF TUBING 


Tension Compression 


Propor- 
tional Yield 


Ultimate | Modulus of [Elo nga-| Propor- | witimate | Modulus o! 
limit point strength elasticity 


tion in| tional | ‘eit 
2inches’ limit | ae elastici 


Lbs.jin.? | Lbs.jin.2 jina | Lbejint |Per cent, Loefin?| Lbejint | Lbe.lin 
45, 000 . 25, 27, 000, 000 10 | 68,700} 119,300 | 29, 300, ¢ 


| 119, 400 
44, 000 5, 500 28, 300, 000 56, 000 | 87, 


41,000 | 86, 700 | ; 27, 200, 000 | 0| 62,100 | 


62, 500 5, 2, 28, 400, 000 93, 900 | 


SGee...............-.- 25: 41, 300 , ; 28, 300, 000 | 46, 700 | 
92, 000 19 
57,300 | 109, 000 , 28, 700, 000 3 | 67,400 
102, é ; 21 | 
14% X0.058 f 53, 500 91, 200 . 28, 300, 000 a7 60, 300 
88, 200 , 31 
44, 700 79, 800 . 28, 300, 000 25 50, 200 
88, 800 , 2 | 
20.065... . ... 52 56,500 | 108, 300 29, 800 000 5 | 103, 900 | 
93, 800 | of | 
60,200 | 112, 600 | 29, 200, 000 42, 200 | 
95, 900 96. 000 2 


28, 800, 0% 


RRS 


PLE ee 


30, 000. 
| 28, 700, 
| 29, 60 


| 28, 800 


SSaRSESERESESTS 


g 


50, 600 B 98, 000 5, 28, 400. 000 | 9 | 65, 100 





Tensile specimens were taken from the tubing in full section, and ' 
ends plugged with round-ended plugs. An Amsler testing machine was 
used for testing all specimens. The yield point was determined by 
“drop of the beam” method. The compressive specimens were made w ; 
on & i= 
2This specification is identical in its essential epee with U. S. Ordanc: 
partment Metal Specification No. 57-203-A, grade E 
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l , , 
a slenderness ratio (- equal to 15 and were tested in a special fixture 


for ensuring round-end conditions. The extensometers used were the 
Ewing, used on a 2-inch gage length and the Huggenberger with a 1l-inch 
gage length. 


The proportional limit was determined by the method proposed by 
Dr. L. B. Tuekerman,* in which the deviation of the stress-strain curve 
from a straight line was determined by using the least count of the 
extensometer as a criterion. 


The average variation of strength in specimens cut from opposite 
ends of tubes of lengths varying from 8 to 15 ft. was approximately 3 
per cent. In several tubes there was as much as 15 per cent difference. 


One sheet of 0.063-in. plate 18 in. wide was used in making all reinforce- 
ments requiring material of this thickness. Four tensile specimens in 
the form of coupons with a 2-in. gage length and a parallel section 1 


wide by 3 in. long were cut from this sheet. 


® in. 


- 


Results of the test of these specimens are given in Table III. 


TABLE III 
Strength of Coupons From 0.063-Inch Chromium-Molybdenum Steel Plate 





Yield Ultimate Elongation 
Point, Strength, in 2 Inches, 
- Lbs./In2 Lbs./In.* Per Cent 
76,900 
81,900 
75,800 
81,200 


\verage 79,000 





TABLE IV 
Chemical Analysis of Tubing 





No. 155 No. 25i No. 287 
2In. x 1% In. x % In. > 
0.065 In. 0.049 In. 0.028 In. 
Per Cent Per Cent Per Cent 


0.30 0.31 
49 46 
17 15 
97 96 
12 14 
.22 23 
01 01 





Discussion by L. B. Tuckerman of The Determination and Significance of the 
tional Limit in the Testing of Metals, by R. L. Templin, presented at the 
second Meeting of the American Society for Testing Materials, June 25, 1929. 














JOURNAL OF THE A. W. §. [September 


TABLE V 
Chemical Analysis of Welding Wire 





Diameter Carbon Manganes« 
Inch Per Cent Per Cent 


1/16 0.02 0.01 
1/16 .02 02 
1/8 .02 .02 
3/32 01 





2. CHEMICAL COMPOSITION® 
a. Tubing 
Results of chemical analyses of one sample of each of three tubes ar 
given in Table IV. 


Fic. 1—FIXTURE FoR TESTING T JOINTS IN AMSLER MACHINE, LOADING I. THE VrER™ 
MEMBER B 1s LOADED IN TENSION UNTIL THE REQUIRED PERMANENT DEFLECTIO? 
MIDSPAN IS REACHED 
b. Welding Wire 
Analysis of the welding wire used is given in Table V. 


3. WELDING PROPERTIES 
a. Tubing 
Samples of the tubing were subjected to a flame test applied to the 
end of the sample and to the wall surface. The indications were that 
the metal behaved as a clean, quiet material under the torch. 


b. Welding Wire 


The samples of the welding wire were also subjected to this test. 
Nos, 1, 2, and 4 of the 1/16, 1/16, and 1/32 in. size, respectively, 


*Chemical analyses, flame, and weldability tests of the tubing and weldin: 
were made by the Research Department of the American Chain Co. The fo 
report of these tests is taken from their Test No. 91, Welding Wire and C! 
Molybdenum Tubing for Aircraft, Bureau of Standards. 
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of too small a diameter for a proper interpretation of this test, as no 
boiling action could occur even if the conditions which would produce 
such boiling were present. Lot No. 3 of %-in. size showed slight amounts 
of impurities under the copper coating but not in amounts great enough 
to interfere with the welding qualities of this lot. The impurities were 


2—FIXTURBS FOR TESTING T JOINTS IN AMSLER MACHINE, LOADING IJ. THE STEEL 

BLOCKS ARE SLIPPED OVER THE ENpDs or Tuse A. SLIP COLLARS ARB USED TO ADAPT IT 

TO VARYING Sizes oF TuBp A, AND THE BLOCKS ARE MADE WITH SLOTS IN THE BOTTOM 

rO CLEAR THE GUSSET PLATES WHEN USED. THE OTHER END or Tusp B IS GRIPPED 

HE FIXED JAWS OF THE MACHINE, AND TUBE B Is LOCATED IN TENSION UNTIL 
FAILURE OCCURS 


nly noticeable in the flame test. All the samples showed good welding 
properties when used on the tubing. Due to the alloy content in the 
base metal some scale was formed on the welds, but when tried out in 

tual welding on Armco sheets nothing objectionable could be found 


in any of the lots submitted. 


Six butt joints were made with each one of the four lots of wire 
submitted. Wire from each end of each coil was used to weld the 
samples of tubing together. No difficulty whatsoever was encountered in 
these tests. 

IV. SPECIMENS 
1. Description 


he joints may be grouped into butt joints, T joints, and lattice joints. 
vings of the joints are shown in Figs. 10, 14, 15, 16, 18, 19 and 20. It 
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is believed that most types of joints used in aircraft structures ar 
represented and that a close estimate of the strength of any joint car 
be made by referring to the test results of one or more of the specimens 
Although butt joints are seldom used to carry direct tension or com 
pression in aircraft structures, they were included in the program t 
determine the properties of the metal near the weld. 


3—FIXTURE FoR TESTING LATTICE JOINTs. TuBES A AND C ARE SUPPORTEI 
BEARINGS WHILE TuBe B 1s LOADED IN TENSION UNTIL FAILURE OCCURS 


Three specimens were made of each joint. Each specimen was give 
a number, the first digit referring to the type of joint, the second to th 
size, and the last to the number 1, 2, or 3 arbitrarily assigned to s 
mens of the same type and size. Thus, specimen 243 is the third of the 
triplicate inserted-gusset T joints of type 2 and size 4. When referenc 
is made to the triplicate specimens, the type and size number is 
followed by a cipher. Thus, joint 240 is all of the joints of type 2 
size 4, 


Specimens of the butt joints were made for both tensile and 


. : l 
pressive tests. A slenderness ratio | -— } equal to 15 was used f 
Tr 


compressive specimens. In addition to determining the strength 
efficiency of the butt joints, hardness explorations and stress s 
measurements were made of several joints in order to study the p: 
ties of the metal in the region in which failure occurred. 


In the T joints, tubes A and B meet at an angle of 90 deg. In : 
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attice joints except No. 680 the angle between intersecting tubes is 60 


deg. In joint No. 680 an angle of 45 deg. is used. Both T and lattice 
joints were made without reinforcement by machining the ends of 


Fic. 4—A LATTIceE JOINT BEING TESTE! 





»—TUBES COMPOSING A T AND A LATTIcE JoIN?T SHOWING TuBE ENpDs MAcHi) 
BY SPIRAL END MILLs 


ibes B and C to fit around the wall of tube A, then welding. Tubes 
anging in size from %4 in. outside diameter by 0.028 in. in wall thick- 
ess (hereafter abbreviated *4 in. « 0.028) to 2 in. « 0.065 were used. 
in some joints all tubes were the same size and in others the secondary 
r “lattice” tubes (B or B and C) were made three-fourths the diameter 
f tube A. Three specimens of each joint were tested. 





In addition, joints were made with reinforcement such as plates, straps, 
te., welded to the tubes at the joint to determine if reinforcing increased 
e strength. To avoid too great a number of specimens, all reinforced 
ints were made in one size of tubing 1% in. * 0.058. 


2. Method of Testing 
An Amsler testing machine with load capacities of 0-10,000, 0-20,000, 
-90,000 and 0-100,000 pounds was used for all tests. 


T joints were given two tests designated as loading I and II. Loading 
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I is a transverse test of tube A (see drawings) in which this tube was 
supported on rollers at the ends of a span equal to 10 diameters wit}! 
the joint in the middle. (Fig. 1) The deflection was measured by a 
dial micrometer fastened to an angle bar which was attached to tube A 
above the supports through flexure plates. Tube B was plugged and 
loaded in tension until either the specimen failed or a_ well-defined 
permanent deflection was reached. The specimen was then given load 
ing II, designed to determine the ultimate strength of the joint when 
loaded on a short span. Two blocks (see Fig. 2) were placed as clos 
to the joint as possible. Tube B was again loaded in tension until failure 
occurred. Loading I was considered of greater importance than loading 
II, as it is believed that tube A would seldom be supported on a span 
less than 10 diameters in an aircraft structure. 


For testing the lattice joints the fixture shown in Fig. 3 was used. 
It was designed to support the ends of tubes A and C on pin bearings 
while tube B is loaded in tension. The fixture was placed on the 
moveable head of the testing machine as shown in Figs. 3 and 4. 


3. Machining 

The pieces for corresponding members of the triplicate specimens of 
each type were cut from the same tube. The cross-sectional area of each 
tube was computed by dividing the weight by the product of length 
times density. It was also computed from the measured diameter and 
wall thickness for a number of tubes as a check. The average differenc 
in the computed areas of 14 tubes measured by both methods was less 
than 0.5 per cent. 


The ends of tubes B and C were shaped in the milling machine to fit 
tube A closely by using spiral end mills of the same diameter as tube A. 
Sharp edges were afterward removed. In joints having inserted plates 
such as 230 and 750, slots were cut in the tubes using screw-slotting 
cutters in the milling machine. The time required to machine each joint 
was observed. 


The pieces for a T anda lattice joint are shown in Fig. 5 ready fo! 
welding. 


4. Welding 

It was considered of the utmost importance that all the welding done 
in this investigation should be uniform and of good commercial qualit) 
It was realized that the test results would be of little value unless th« 
physical properties of the welds as well as the properties of the bas 
metal and the designs of the joints were fixed and reproducible. As 
procedure specifications are receiving considerable attention as a mea 
for ensuring high-grade welding, it was decided that the welding 
done under specifications especially prepared for aircraft structur 
The American Bureau of Welding was requested to supply proced: 
specifications and appointed a Committee on Welding Procedure wh 
prepared specifications for oxyacetylene welding.* The specifications 
electric welding have not yet been prepared. 


The Bureau of Standards employed Mr. M. I. Anderson, who we! 


*Published in December, 1928, issue Journal of the American Welding Society. 
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all the joints. His experience had been obtained at the Keystone Air- 
craft Corporation and the Fokker Aircraft Corporation. He complied 
with the qualification tests of the procedure specifications. 


The Air Reduction Sales Co. contributed the services of Mr. A. Rath, 
a member of its staff, as welding supervisor. He was present during 
all the welding. In his opinion, it complied with the procedure speci- 
fications. 








In order to use representative apparatus, four of the principal manu- 




















Fic. 6—A Latrice JoInt BEING WELDED IN THE JIG 


facturers of welding equipment were invited to submit a complete set of 
their apparatus for use in welding the test specimens. Each set was used 
to weld specimens assigned to it when the program was prepared. The 
sets are designated by the letters A, B, C, and D. 


_ The oxygen and acetylene were purchased from the contractor given 
in the general schedule of supplies for the fiscal year 1929, prepared by 
the General Supply Committee of the Treasury Department. 


Analysis of the oxygen showed a purity of 99.5 per cent. No analysis 

s made of the acetylene, but it complied with the specifications used 

by the United States navy yard, Washington, D. C., in purchasing this 
These specifications are as follows: 
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The acetylene gas shall be-dissolved in sufficient acetone to insure. agains 


explosion and shall be purified to the highest possible degree of purity, th: 
hydrogen and sulphur being removed to such an extent that the gas will not 


color a piece of white blotting paper or similar material saturated in’a 5 pe 


cent solution of silver nitrate when held in the flow of the gas for 30-second: 


The specimens were welded in a jig (see Fig. 6 and 7) which wa 
adjustable to fit all joints in the program. By mounting the -jig 


Fic. 7—A T Jornt (UPPER) AND A LATTICE JoINT (LOWER) S=zr UP IN THE JIG 

WELDING. THE TUBES ARE CLAMPED IN V BLocks BOLTED TO THE FRAME. WH 

TUBES OF DIFFERENT DIAMETER WERE WELDED TOGETHER, SHIMS WeRE PLACED UN 

THE BLOcKs HOLDING THE SMALL TuBEs. THE JIG MAY BP TURNED OVER FOR WELI 
ON THE Bottom Sipe 


bearings so that it could be rotated, all parts of the joint were read 
accessible to the welder. 


The pieces of each joint were weighed before welding, and the j 
was weighed after welding, the difference being the weight of the w: 
metal. As a check the bundle of welding wire used for each joint w 
weighed before and after welding, and the amount used was compa! 
with the increase in weight. The weight of welding wire used w 
found to be about 10 per cent higher than the gain in weight of * 
pieces during welding. 

In making the butt joints in tubes of 0.028 and 0.065 in. wall thickn: 
it was impossible to make beads of the dimensions given in Fig. A 
the procedure specifications. The actual dimensions are given in Fis 
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For the thinnest base metal the bead is slightly wider but of less height 
than specified. .For the thickest base metal both width and height are 
less. It is believed that an increase in bead size would not affect the 
test results as the majority of the specimens failed outside the weld. 


By far the most serious difficulty encountered in the welding was the 
formation of cracks in the gusset plates. About one-fourth of all joints 
reinforced with plates had visible cracks. The numbers of such joints 


60t for t+028" 

46t for t+.065" 
8t for t«.028" 
7t fort+.065" 


Fic. 8—DIMENSIONS AT SECTIONS OF BUTT JOINTS 

IN TuBING. A SoMBWHAT SMALLER Bead WAS USED 

THAN THAT PRESCRIBED IN Fic. A OF THE PROCEDURE 
SPECIFICATIONS 


are 2251, 2252, 2253, 431, 441, 442, 452, 582, 751, 753, 7191, 7192, 851, 931, 
and 932. Photographs of the cracks in joints 753 and 851 are shown in 
Fig. 9. Changing the order in which the welds were made or the 
direction of welding appeared to have no effect on the cracking.’ Weld- 
ing on one side only of plates not inserted in the tube was tried in joints 
Nos. 432, 483, and 453. No cracks were noted in these joints. 


In testing specimens Nos. 2251, 2252, 2253, 431, and 532 the fracture 
started in a visible crack, probably resulting in a lower ultimate strength. 
It is believed that the strengths of the other specimens were not affected 
by cracks. 

V. Test RESULTS 


1. Butt Joints 

Tensile and compressive tests were made of butt joints in the five 
sizes of tubing. The efficiencies and maximum stresses are plotted in 
Fig. 10. The efficiencies ranged from 78 and 93 per cent for both 
tension and compression based on the strength of the unwelded tube. 
There was apparently no relation between the efficiency and the size of 
the tube. Failure in all except one joint, No. 052, occurred in the tube 
about one-half inch from the weld. Tensile specimens failed to rupture 


at this point, and compressive specimens by formation of a circum- 
ferential fold. 


To study the properties of the metal as affected by the heat of welding 
in the region in which failure occurred, hardness explorations and stress- 
Strain measurements were made of the butt joints. 


Hardness explorations were made of joints 011, 041, and 051, using 
a Vickers machine with a 30-kg. load applied for 10 seconds. The Vickers 
numbers are plotted against distance from the center of the weld in 
ent tests made by another laboratory seem to indicate that cracking in gusset 


can be reduced by welding from the apex of the angle formed by the inter- 
sect of the tubes outward. 


Diat 
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Fig. 11. It is claimed by the makers of the Vickers machine that for 
material of the hardness of chromium-molybdenum tubing the Vickers 
numbers correspond closely to the Brinell numbers. 


The tube has a much lower Vickers number at a distance of one-half 
inch from the weld center. At this point it has approximately the same 


Fic. 9—CRACKS PRODUCED BY RESIDUAL STRESSES IN JOINTS 
AFTER COOLING. UPPER, IN SPECIMEN 753; LOWER, IN 
SPECIMEN 851 
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Fie. 10—MaXIMUM STRESSES AND EFFICIENCIES OF BuTT JOINTS 
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hardness as the weld. For example, the tubing used to make specimen 
041 had a hardness of about 225. This was reduced by the heat treat- 
ment accompanying the welding process to 160, one-half inch from the 
weld center and was increased to about 280 at the edge of the weld. Th: 
weld metal itself had an average hardness of 170. 


The results of the hardness explorations are similar to those reported 
by Sisco and Boulton’ and by J. B. Johnson,’ who used Rockwell machines. 


Two pairs of Huggenberger extensometers with l-in. gage lengths 
were used to measure the elongation or compression of the specimens 
under load. (Fig. 12.) Pair A was placed on the tube where the materia 
had not been affected by the welding heat. Pair B was placed imme- 
diately adjacent to the weld, the gage length including the zone wher: 
failure usually occurred. 


Fic. 12—-HUGGENBERGER EXTENSOMETERS ON Butt JOINTS 
TO MEASURE THE STRAIN NEAR THE WELD AND AT A Dis- 
TANCE FROM THE WELD 


From the stress-strain diagrams, Fig. 13, it may be seen that f: 
l-inch gage length next to the weld the curves B deviate from a straight 
line at a low stress, varying between 22,000 Ib./in.* and 27,000 lb./i: 
tension and 22,000 Ib./in.* and 34,000 Ib./in*’. in compression. 
deviation was determined by the method used to find the proport 
limit for the tubing specimens. The proportional limit for cur\ 
checked with the values given in Table I, varying between 45,000 |! 
and 60,000 lb./in.* in tension and above 60,000 Ib./in.’ in compressi: 

* Welding Steel Tubing and Sheet with Chromium-Molybdenum Welding Wiré 


A. 8. S. T., vol. 8, No. 5, p. 589, November, 1925. 
‘Airplane Welding, p. 155, Goodheart Willcox Co. (Inc.), Chicago, Ill 
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2. T Joints 


The efficiencies of the T joints were computed by dividing the maxi- 
mum load by the ultimate strength of tube B. 


The maximum stresses and efficiencies for the T joints are plotted 
in Fig. 14, 15, and 16. Locations of the failure are indicated on the 
drawings. Thus, in loading I for joint 111, Fig. 14, a stress of 25,000 
lb./in. in tube B produced a crack in the lower side of tube A adjacent 














® Curve A aril ted gs there was 


rts 
13—STRESS-STRAIN DIAGRAMS FOR BuTr JOINTS IN TENSION AND COMPRESSION 
to the weld. The permanent deflection was 0.067 in. and the efficiency 
of this joint was 18 per cent. In loading II at a stress of 73,000 lb./in.’ 


in tube B tube A reptured along the edge of the weld. The efficiency 
was 54 per cent. 


Where it is believed that the strength in loading II was seriously 


lowered as a result of loading I, the value is plotted but not averaged 
with the others: 


a. Loading I 


Unreinforced T joints in which both tubes were the same diameter 
(120, 140, and 160) gave efficiencies ranging between 11 and 14 per cent 


ading I. As would be expected, joints with the smaller tension mem- 
‘rs gave higher efficiencies. 


serted plates (joints Nos. 230, 240, 250, 2230, 2240, and 2250) and 

ps (joints Nos. 3100, 3110, and 3120) produced very slight increases 

ficiency. 

elding a triapgular gusset plate in the angles formed by the intersec- 

of the tubes increased the efficiency according to the size of the 
Joint No. 430 had an efficiency of 12 per cent, practically no 

ease over the unreinforced joint which was 11 per cent. Joints Nos. 
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Fic. 14—Test Results ror T Joints 110 To 250. Maximum STRESSES AND EFFICIF 
HAVE BEEN PLOTTED ON THE SAME GRAPH. FoR EXAMPLE, IN JOINT 111, THE MAX 
Stress IN LOADING I WAS 25,000 LB./IN.2 TENSION IN TUcE B FROM THe STRESS 
ON THE LEFT SIDE OF THE GRAPH. THE PLOTTED POINTS ALSO INDICATE EFFICIENC 
ON THE RIGHT SIDE, JOINT 111 IS SEEN TO HAVE AN EFFICIENCY oF 18 Per CENT IN 
ING I. THE PERMANENT DEFLECTION AT MIDSPAN WAS 0.067 INCH. IN LOADING I 
JOINT FAILED AT A Stress or 73,0'0 Le./IN2 Irs Errictency rn Loapine II W 
PER CENT 
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Fic. 15—Test ResuLts ror T JorntT 2230 To 450 
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440 and 450, with larger gussets, had éfficiencies of 14 and 24 per cent, 
respectively. Although the latter joint has a strength about twice that 
of the unreinforced joint, the time required to weld it is seven times 
as long (Fig. 21), and the extra weight above the weight of the tubes 
is 0.56 lb. compared with about 0.02 lb. for the unreinforced joint. 


The large gussets of joint No. 450 also produced a considerable de- 
formation in tube A due to residual stresses when the joint cooled 
These stresses were sufficient to cause a 1/16-in. deflection of the ends 
of tube A below the middle after cooling. Welding on one side onl) 
of the plate improved this condition. 


Joints Nos, 530, 560, and 590 in which the load was applied through 
a rigid terminal all required a load of about 3400 lb. to produce th: 
permanent set. 


b. Loading II 


The efficiencies of the unreinforced T joints varied widely, ranging 
between 56 and 82 per cent. All except Nos. 121 and 153 failed by 
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Fic. 16—Test ResuLts ror LuG T Jomints 530, 560, AND 590 


Fig. 17—TYPicaL FAaILures or T Joints In LOADING I 
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rupture of the A tube around the edge of the weld. Nos. 121 and 153 
failed in tube B below the weld. 

The joints reinforced by inserted gussets (Nos. 230, 240, and 250) 
had average efficiencies of 78, 69, and 74 per cent, respectively. The 
strength apparently did not depend on the depth of the gusset. All failed 
in tube A by rupture around the weld and by crushing around the plate 
at the top. 

Joints having a wider gusset inserted in tube B only and welded to 
both tubes had about the same efficiency, 67 per cent for No. 2230 and 78 
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18—Tegst Resutts ror LATTICcCe JoIntTs 610 To 650. THe STRESS AND EFFICIENCIES 
E BREN PLOTTED SEPARATELY FOR THE LATTICE JOINTs. For EXAMPLE, SPECIMEN 
FAILED AT A Stress or 67,000 Ls./IN.2 In Tusp B. Tue Tensi_e Erricrency, E:, 
Was 68 Per CENT AND THE COMPRESSIVE EFFICIENCY, B-, Was 72 Per CENT 
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per cent for Nos. 2240 and 2250. It is apparently of no advantage to 
make the depth of the gusset greater than 1% in. (No. 2240). 


Of the joints reinforced by a strap, No. 3110 had the highest effi- 
ciency, 87 per cent. This was also the highest for all the T joints. 
No. 3100 was weakened by the ends of the strap being too near the 
joint. A strap extending 1 in. below the top of tube A is obviously 
long enough. 





Joints reinforced by triangular gussets not inserted gave average 
efficiencies of 73 per cent for No. 430 having the small gusset to 84 per 
cent for No. 450 with the largest plates. The average efficiency of Nos. 
132 and 433, which were welded on one side of the gusset plate only, was 
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20—TeEst RESULTS SHOWING REDUCTION IN TENSILE STRENGTH FOR VARIOUS JOINTS 

XIMUM STRESSES AND EFFICIENCIES ARE PLOTTED. For EXAMPLE, IN SPECIMEN 174 

E A WHEN LOADED IN TENSION FAILED aT A Stress or 80,000/Ls8./IN.2, WHicn Was 
77 Per CENT or Its TENSILE STRENGTH 
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about the same as the efficiency of No. 431, which was welded on both 
sides. Joint No. 453 had an efficiency somewhat lower than the averag: 
and failed in tube A by tearing out of the gusset, starting on the un- 
welded side. The two that were welded on both sides of the gusset, 
Nos. 451 and 452, failed in tube B below the gusset. 


Efficiencies of the lug joints were based on the strength of the tie- 
rods. Nos. 531 and 533 failed by the plate pulling out of tube A. The 
low efficiency of No. 532 apparently was caused by a crack in the plate. 
In No. 560 the pin sheared out of the plate. In No. 590 the tie-rod 
failed in tension. 


3. Lattice Joints 


Two efficiencies were computed, E;, the percentage of the strength of 
tube B in tension developed by the joint, and E,, the percentage of the 
strength of the weakest of tubes A and C in compression. 


E. was always higher than E; as the compressive strength of a tube 
was always lower than the tensile strength. 


Most of the unreinforced joints (Nos. 610 to 680) failed by collaps: 
of the tubes at the joint, the end of tube C being forced into the wal! 
of tube A. Joints which failed in this manner are marked “X” on the 
drawings, Figs. 18 and 19. 


Maximum stresses and efficiencies are plotted in Figs. 18 and 19 
Looking at joint No. 611, for example (Fig. 18), this joint failed whe: 
the stress in tube B reached 67,000 lb./in.* by collapse of the tubes at th: 
joint (X). The efficiency based on the tensile strength of tube B (EF 
is 68 per cent. Based on the lowest of the compressive strengths of 
tubes A and C the efficiency (E.) is 72 per cent. This joint was welded 
with torch “a.” 


Efficiencies of the unreinforced joints Nos. 610 to 660 varied between 
58 and 68 per cent for E; and between 60 and 76 per cent for E,. Ther 
was apparently no significant difference in the efficiency in joints wit! 
tubes B and C reduced in size (Nos. 620, 640, and 660). A 60 deg. lattice 
joint could probably be made with the tension member B reduced at least 
10 per cent in wall thickness with equal diameters and have the same 
strength as one in which all the tubes were the same size. 


Joint No. 670 was tested to determine if any difference in strength 
would result if tube C were made the tension member instead of tube B. 
The difference in the shape of the tube ends resulting, for this condition 
may be seen from Fig. 5 by reversing the position of tubes B and ¥. 
A slight advantage in favor of No. 630 was noted, although the diffe: 
ence may be too small to be significant. 


When the angle at which the tubes intersected was made 45 d 
(No. 680) the compression components in tubes A and C were decreased 
so that tube B failed in tension below the weld. 


Similar types of reinforcement were used in the lattice joints as 
the T joints. No. 750, in which an inserted gusset plate was used 
reinforcement, was the strongest, the tensile efficiency, E:, being 80 
cent and the compressive efficiency, E,, 90 per cent. Failure occurre: 
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tube A near the end supported by the fixture. This joint was approxi- 
mately 20 per cent stronger than the unreinforced joint No. 630, which 
had efficiencies of 67 and 76 per cent for EF; and E,, respectively. 


Joint No. 7190 having a somewhat shallower gusset which was not cut 
through tube A gave slightly lower efficiencies; 78 per cent for E; and 82 
per cent for E,. Failure occurred by the crushing of tube A at the 
joint. 

Joint No. 850 having large triangular gussets welded between the 
tubes but not inserted gave no higher efficiency than the unreinforced 
joint No. 630. The joint failed by the plates being forced into the 
wall of tube B. 


The lug joints Nos. 930 and 9100 failed by the pin shearing out of the 
gusset. 


Joint No. 1010, reinforced by a U strap, was practically as strong as 
the inserted-plate joint No. 750, the efficiencies being 79 and 91 per cent 
for E; and E,. Tube A failed in compression below the weld to the strap. 


4. Strength of Tube A In Tension 


The effect of a welded joint in reducing the tensile strength of its 
members was determined for several joints. Nos. 170 and 180 represent 
the joining of two tubes B in an axis at right angles to a third Tube A. 
One set of three specimens was loaded along the axis of tube A and 
another set along the axis of tube B. 


Joints Nos. 2T40, 5T30, 6T50, and 6T60 were made identical with 
Nos. 240, 530, etc., but were tested with tube A in tension, the other 
tubes remaining unloaded. The results are clearly indicated in the 
diagrams of Fig. 20. 

5. Pneumatic Test 


To investigate the possibilities of making welds tight against leaks 
as suggested in the procedure specifications, one specimen of each of the 
T and lattice joints was tested for the presence of small leaks by subject- 
ing the tubes to an internal air pressure of 25 lb./in.* and applying soapy 
water to the joint, any leaks being indicated by bubbles. 

Leaks were found in specimens Nos. 3101, 3102, and 3103 in tube B 
at the corner of the strap and in joints Nos. 451 and 453 in tube B 
below the lower corner of the gusset. None were visible to the naked eye. 


VI. Conclusions 


For joints in chromium-molybdenum tubing ranging in size from ° 
in. O. D. & 0.028 in. wall thickness to 2 in. O. D. & 0.065 in. wall thickness, 
welded under procedure control by the oxyacetylene process, the following 
conclusions apply: 


1. The point of minimum strength and hardness of the base meta! is 
sharply defined and is located about one-half inch from the weld center. 
Here the material may have strength ranging between 80,000 to 100,000 
Ib./in.’? in tension and 70,000. to 95,000 Ib./in.*? in compression and 4 
Vickers number as low as 165. 


2. For T joints loaded to high bending stresses near the joint 





1930] STRENGTH OF AIRCRAFT JOINTS 131 


probably more satisfactory to gain strength by increasing the size of 
the tube rather than by adding plates, straps, etc. Where the joint is 
loaded in such a manner that bending stresses are kept to a low value, 
the efficiency may best be increased by welding a U strap around the 
joint, the ends extending at least 1 in. below the joint. The efficiency 
of an unreinforced joint was found to range from 55 to 77 per cent. 
‘teinforcement by means of U straps increased the efficiency to 87 per 
cent. Strap-reinforced joints in which a tube is encircled by a circum- 
ferential weld are, however, subject to a reduction in the tensile strength 
of this tube. This reduction in strength is probably greater than is 
produced by other types of reinforcement and should be taken into 
consideration. A joint can be made almost as efficient by welding large 
triangular gussets between the interesting tubes, but the weight and 
time required to fabricate are excessive. An unreinforced T joint in 
14, in. & 0.058 in. tubing requires about eight minutes to fabricate and 
the weld metal weighs about 0.02 lb. The strap joint requires 28 
minutes to fabricate, and the weight of the weld metal and reinforce- 
ment is 0.16 lb. These values are increased to 46 minutes and 0.56 lb. 
for a joint having equal strength reinforced by corner gussets. 


3. The best reinforcement for the lattice joint is one which reinforces 
it against collapse of the tubes. This reinforcement may be either an 
inserted plate or a strap welded around the joint. Both methods increase 
the strength of the unreinforced joint about 20 per cent. The inserted- 
plate joint takes longer to fabricate and weighs somewhat more than the 
strap-reinforced joint. In the latter joint the tensile strength of the 
tube encircled by the strap is undoubtedly reduced. When gusset plates 
are used for reinforcement a decided gain in strength is obtained by 
inserting one plate in all tubes rather than welding several plates in the 
angles between the tubes. No reinforcement is necessary when the 
tubes meet at at angles of 45 deg. 


4. Cracking is an important problem when gusset plates are used for 
reinforcement. A procedure for welding each type of joint should be 
worked out experimentally, and designs which can not be welded con- 
sistently without cracking should be discarded. 


5. In using four representative oxyacetylene torches there was no 


indication that differences in the joint strength could be attributed to 
the torch. 


6. Low-carbon rod apparently gives enough strength in the weld to 
cause the specimen to fail in the base metal for the majority of joints. 


BUREAU OF STANDARDS, Feb. 6, 1930. 
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Lengthening Rails by Butt Welding * 
L. C. RYANt 


T will be unanimously agreed that rail joints are the principal enemies 
of economy and the most prolific trouble makers with which the rail- 
road maintenance man has to deal. 


The statement has frequently been made, and supported by accurate 
data, that battered rail ends are responsible for the removal of 85 per 
cent of all the rail which is renewed. It is further said that joint main- 
tenance constitutes one of, if not the most, important expense in con- 
nection with maintaining roadbed in safe and serviceable condition. 


Fic. 1—ButTr WELDING CREW IN TUNNEL 


The rail joint being the weakest point in the track structure is re- 
sponsible, in greater or less degree, for all of the troubles and expense to 
which track is subject. Even before the rail ends begin to show appre- 
ciable batter, the joints, even under a high standard of maintenance, are 
the prolific cause of trouble. Under traffic this weak point in the track 
structure first begins to give, resulting in the rolling and nosing of passing 
equipment. Such train action causes the track to become out of alignment 
and level. The first action taken by the maintenance man is the tamping 
ip of his low joints. This results in increased solidity at the joint and 
sooner or later calls for the resurfacing of the entire stretch of track in 
order to maintain the surface to preserve the riding qualities of the 
track. It will be seen, then, that the joint is the primary cause of many 
of the difficulties with which it is not directly connected. 


ver a long period of years, engineers have devoted their best efforts 
he development of devices and methods which would improve the con- 
tion between one rail and the next, would decrease the excessive wear 
rail ends and connections, and would effect economy in their mainte- 
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nance. In spite of all the improvements which have been made, the ra 
joint still maintains its position as the leading trouble maker in trac} 
construction. It is, then, a fairly well established fact that whatever 
may be done to the rail joint, it cannot be reformed completely and as 

























Fic. 2—VEEING RAIL PREPARATORY TO BuTT WELDING FOR 
HIGHWAY CROSSING. AUTOMOBILE TRAFFIC WoUuULD Not 
PERMIT DOING IN TRACK 


long as it exists it will continue to take money out of the railroad 
ury and put grey hair in the head of the railroad engineer. 
Obviously, the only complete solution of the rail joint problem 
elimination of the joint. 
In order to eliminate as many joints as possible, railrcad engine's !" 
recent years have gradually, but cautiously, increased the length 
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from the original 30-ft. rail to 33, to 39, and later, in some few cases, to 66. 
The performance of these longer rails in track has been very closely 
watched and from all reports nothing but advantage has been gained 
from every step in the direction of longer rails. 


It was at first feared that trouble would be experienced in taking care of 
contraction and expansion due to temperature variations in the longer 


Fic. 3—CoMPLETED BuTT WeLDs ror SAME ROAD CROSSING 


sections of rail, but experience has proven that 66-ft. rail can be laid 
with the same expansion as 33-ft. rail without causing the least difficulty. 
However, there is an obvious limit to the length of rail which it is prac- 
tical to roll at the mills and there is also a limit to the length of rail 
which can be advantageously handled in laying track. While it has been 
demonstrated that 66-ft. rail can, with proper equipment, be laid at less 
cost than can 33-ft. rail, it is apparent that any great increase beyond 
the 66-ft. length would introduce problems of transportation and handling 
which would be insurmountable. 


The purchase of longer rails insures the elimination of a part of the 
nts. The 66-ft. rail would mean only one-half as many joints to the 
le as the 33-ft. rail, but while this would mean much in the way of re- 
ing the cost of mechanical joints and would materially improve the 
ling qualities of the track, it would leave a certain number of joints 
ich would batter, calling for the frequent renewal of the rail and would 
rely reduce the cost of maintaining the mechanical joints in the same 
io that the longer rail bears to the shorter. 
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To accomplish the full advantage of joint elimination, it is, therefore, 
evident that the length of rail must be extended far beyond the limits 
placed by the rail mills and the steel gangs. The method which promises 
the accomplishment of this desirable result is the butt welding of rails by 
the process developed by our company. By this process, which has been i: 


Fic. 4—ButTr WELDED RAILS READY TO PLACE IN TRACK AT 
Roap CROSSING WHERE AUTOMOBILES WoUuLD Not PERMIT 
Dornc THEM IN TRACK 


process of development over a period of years, it is possible to butt w d 
rails in track under traffic without interference with trains and at a cos' 
which is infinitesimal as compared with the advantages to be secured. 
Up until the present time most of the butt welding which has been done 
under the supervision of The Oxweld Railroad Service Company !45 
been of rail in tunnels, through road crossings, station platforms, 
cinder pit tracks, on scale tracks and in similar locations where ‘ 
maintenance of mechanical joints has been particularly difficult and « 
pensive. The success of the work so far accomplished is attested by ‘ 
fact that the butt welding of rails has increased more than 2000 per 
during the past five years. The results secured from the work alrea 
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done furnish conclusive proof of the feasibility of extending rail length 
by the butt welding procedure and the time has now arrived when the 
railroads should take full advantage of the possibilities of this process by 
extending the butt welding of rail to open track. 


Progress along this line has reached a stage where butt welding is no 
longer an experiment. The work which has been done in this country 








DRAGGING IN A STRING OF BuTT WELDED RAIL WITH 
LOCOMOTIVE 


aks for itself and, if further evidence of the feasibility of connecting 
long stretches of rail is required, reference may be had to German prac- 
e where stretches of rail upwards of 1000 ft. have been welded to- 
ether with highly satisfactory results. It has been conclusively demon- 
ated by the Germans that the problem of expansion and contraction 
y be ignored in its relation to long stretches of welded rail. The Ger- 
‘in engineers, whose thoroughness in such investigations is well appre- 
ited, have found that all of the expansion and contraction resulting 
m temperature changes takes place in approximately 40 ft. at the end 
any length of rail. This finding merely bears out the conclusions 
iched by our own engineers in their experience with the 33 and 66-ft. 


ls. 


It 


it should not be difficult for the railroad maintenance man to visualize 
enormous advantages which would result from the elimination of 
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practically all the rail joints. Investigations made during recent years 
on several railroads have proved the serviceable life of rail in first po- 
sition could be at least doubled if the wear at the rail ends could b 
eliminated. 


Much has been accomplished during recent years along the lines of 
lengthening rail life by building up battered and chipped rail ends by the 
oxy-acetylene welding process. By this method the serviceable life of 
the rail may be substantially extended and the riding qualities of track 





Fic. 6—ContTINUOUS RAIL THROUGH STATION. JOINTS ELIMINATED BY ButTT 
WELDING. CAUSED NO TROUBLE EVEN THOUGH RaIL 1s Not COVERED 


may be maintained close to that of new rail. But even under the highest 
standards of maintenance wherein battered joints are built up as soon as 
they begin to show serious wear, there must be extended periods during 
which the riding qualities of the track are not 100 per cent and during 
which there is excessive wear upon the mechanical connections due to the 
slight batter which must exist for some time before it becomes serious 
enough to justify building up. 


The use of this process of building up joints has saved the railroads 
many hundreds of millions of dollars, but still falls short of the promise 
of economy held out by the procedure of butt welding rails entirely to 
eliminate the joint. The entire elimination of the joint would, evidently, 
produce a track on which no batter occurred, so that the present expense 
ef building up, the expense of maintaining mechanical] joints, the ex- 
pense of repairing equipment worn and damaged due to roughness caused 
by worn joints would be entirely eliminated from the railroad’s operat 'ng 
expense. 
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Fic. 7—ConrTiINvUOoUsS 
RAIL THROUGH 
ANOTHER STATION 
JOINTS ELIMINATED 
BY BuTT WELDING 


Fig. 9—CONTINUOUS 
RAIL THROUGH 
THESE STATION 
GROUNDS. ALL 
JOINTS ELIMINATED 
BY BuTtT WELDING 
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The butt welded rail joint not only promises to double the serviceable 
life of the rail, to entirely eliminate the cost of maintaining mechanical 
joints, but further guarantees the elimination of rail creeping which is 
at the present time a troublesome and expensive problem of all railroads 
It is evident that rail solidly connected in stretches of 1000 ft. or more 
will present such resistance to the wave action set up by passing traffic 
that there will be no lateral movement of the rail on the ties whatever. 





Fic. 10—ANOTHER EXAMPLE OF CONTINUOUS Rall ON ALL TRACKS THROUGH 
STATION. JOINTS ELIMINATED BY BuTT WELDING. MAINTENANCE MEN WILI 
APPRECIATE WHAT THIS MEANS 


The elimination of such creepage would in itself produce an econom) 
which would no doubt more than pay the entire cost of the welded joints. 


A further advantage of the continuous rail would be the provision of a 
perfect conductor for signal currents without the use of the expensive 
and troublesome bond. 


A summary of the advantages which would result from the butt weld- 
ing of rail in continuous stretches of such length as may prove most satis- 
factory includes the doubling of the service life of the rail, the entire elim- 
ination of joint maintenance, the prevention of creepage, the provision of 
a perfect electrical circuit for signals, the material reduction of wear on 
equipment, the substantial decrease in the resistance of the rail to train 
movements and the insurance during the entire life of the rail of smooth 
and noiseless track. 


The railroads of today are facing the most serious competition which 
has been experienced at any time in their history. The development of 
highway, air and inland water transportation has already cut seriou:!) 
into passenger revenues and further developments along these lines n 
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be expected to increase the difficulty which the railroads must experience in 
maintaining their competitive position in the transportation world. If 
the carriers by rail are to continue to successfully compete for traffic in 
passengers and commodities they must adopt every possible means for 
improving their service. Such improvements must take the form of in- 
creased speed for both passenger and freight service and must provide 
increased comfort for the traveler. Important steps have already been 
‘aken along the line of speeding up train movements and the provision of 
modernized equipment. In order to keep in step with these improve- 
ments it is absolutely essential that the track on which the trains move 
must also be improved and no railroad man will deny that the elimination 
of the rail joint gives greater promise of effecting such improvement 
than any other means which can be imagined. 
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